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ABSTRACT 
This repor t  presents  an evaluat ion of t h e  Saturn S-IQB-509 
s t a g e  acceptance f i r i n g  t h a t  was condccted 21: the  
Sacramento T e s t  Center on 14 May 1969. 
t h i s  repor t  are s t a g e  and ground support  equipment devia- 
t i ons  associated with the acceptance f i r i n g  configuration. 
Included i n  
The acceptance f i r i n g  test program was conducted under 
National Aeronautics and Space Administration Contract 
NS7-101, and es tab l i shed  the  acceptance criteria f o r  
buyoff of t h e  stage.  
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This report  documents the evaluation of the  Saturn 
S-IVB-509 s tage  acceptance f i r i n g  as performed by MDAC-WD 
personnel a t  the Sacramento Test  Center. 
The report  w a s  prepared under National Aeronautics and 
Space Administration Contract lJAS7-101 and is issued i n  
accordance with l i n e  i t e m  129 of the MSFC Data Require- 
ments L i s t  021, dated 15 September 1966. 
T h i s  report  evaluates  s t a g e  test  objec t ives ,  instrumenta- 
t i on ,  and configuration deviat ions of the  s tage ,  test 
f a c i l i t y ,  and ground support  equipment. 
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This repor t  was prepared at the  McDonnell Douglas Astronautics 
Company - Western Division (M9AC-WD) Huntington Beach (HB), by the  
Saturn S-IVB T e s t  Planning and Evaluation (TPU) C o d t t e e  f o r  t h e  
National Aeronautics and Space Administration under Contract NAS7-101. 
Activities connected with the Saturn S-IVB-509 s t a g e  included a pre- 
f i r i n g  checkout and the acceptance f i r i n g .  
subsystem level and progressed t o  completion with the  in t eg ra t ed  
systems test and t h e  simulated acceptance f i r i n g ,  The information 
contained i n  the following sections documents and evalua tes  a l l  
events and test r e s u l t s  of t he  acceptance f i r i n g  which w a s  completed 
an 14 Yay 1969. 
Stand 111, Sacranemto Tes t  Center (STC). 
Checkout s t a r t e d  a t  the  
The tests w e r e  performed at Cmplex Beta, T e s t  
1.2 Background 
The S-IW-509 stage was assembled at MDAC-WD/HB. 
performed i n  the  v e r t i c a l  checkout laboratory (VCL) p r i o r  to shipping 
the stage t o  STC. 
and i n s t a l l e d  on Test  Stand 111 on 1 Aprkl 1969. 
f o r  acceptancr f i r i n g  on 12 May 1969. 
A checkout was 
The s t a g e  was del ivered  t o  STC on 31 March 1969 
The stage was ready 
The APS modules were shipped eo Santa Honica checkout laboratory for 
production acceptance tests, 
stage i n t e r f a c e  checks. 
scheduled. 
The W u l e s  w e r e  then shipped to STC for 
No confidence firings of these modules w e r e  
A l l  test objectives a t l i n e d  i n  drawing No, lB76775E, Test P l a n  
Acceptance Fir ing,  S-IVB/SV-STC, dated 27 January 1969 were success- 
f u l l y  cosaple ted, 
Stage acceptance object ives  which provide maximum system perfomance 














Countdown cont ro l  and operat ional  capabi l i ty  v e r i f i c a t i o n  
5-2 engine system performance v e r i f i c a t i o n  
Oxidizer system performance v e r i f i c a t i o n  
Fuel system performance Ver i f ica t ion  
hematic cont ro l  system performance v e r i f i c a t i o n  
Propel lant  u t i l i z a t i o n  system performance v e r i f i c a t i o n  
Stags d a t a  acquis i t ion  system performance v e r i f i c a t i o n  
Stage electrical cont ro l  and power s y s t a  performance 
v e r i f i c a t i o n  
Hydraulic system performance and 5-2 engine gimbal con t ro l  
performance v e r i f i c a t i o n  
S t r u c t u r a l  i n t e g r i t y  v e r i f i c a t i o n  
Auxiliary p r o p ~ L s i m  system stage i n t e r f a c e  compatibi l i ty  
mrif i c a t i o n  
Ambient repressurizat ion system performance v e r i f i c a t i o n  
0 2 4 2  burner perf ormance ve r i f i ca t ion .  
TABLE 1-1 
MILESTONES, SATURN S-IVB-509 STAGE 
Event -
Tauk assembIy 
Proof test leak and dye 
Insulation and bonding 
Stage cheekout and join 5-2 engine 
Systems checkout 
Ship to STC 
Stage installed on test stand 
Ready for acceptance f ir ing 
Acceptance f ir ing 
Abbreviated postfire checkout on stand 
Ready for storege 
Capletion Date 
3 Qct. 1967 
10 Octo 1967 
11 Dee, 1967 
16 Apr. 1968 
16 Sept. 1968 
31 Mar. 1969 
1 Apr. 1969 
12 May 1969 
14 May 1969 
13 June 1969 
22 July 1969 
2. SIJMMARY 
The S-IVB-509 stage WPS 3cceptance f i r e d  on 14 May 1969 a t  Complex Beta, 
Test Stand 111, Sacraqento T e s t  Center. The countdown w a s  designated as 
CD 614120. 
was i n i t i a t e d  by the LH2 deplet ion sensars.  
The mainstage f i r i n g  durat ions was 452 sec; engine cutoff 
2.1 Countdown - Operations 
1:ountdown 61412C vas i n i t i a t e d  on 13 May 1969 and proceeded t o  a success- 
f u l  acceptance f l t i ? g  on 14 h y  1969. The acceptance f i r i n g  was preceded 
by an 02-H2 burncr f i r i n g ,  and an ambient repressur iza t ion  test. 
2.2 5-2 Engine Svsf e m  _.- 
The S-IVB-509 s tage  u t i l i z e d  an uprated (230,000 Ibf t h r u s t )  5-2 enshe, 
(S/N 2124) .  
predic t ions  were w e l l  within the allowable devia+ions. 
functioned normally. 
All sy r t ems  operated s a t i s f a c t o r i l y  and the  performance 
All hardware 
2.3 Oxidizer System 
The oxidizer  system functtoned adequately supplying LOX t o  the  engine 
pump i n l e t  within th? spec i f ied  l i m i t s .  
pressure  (NFSP) avai lab le  t o  the  LOX pump i n l e t  exceeded the engine 
manufacturer's minimum requirement a t  a l l  t i m e s .  
The ne t  pos i t i ve  suct ion 
2.4 Fuel System 
The f u e l  system performed as designed and supplied LH 2 
within the  l i m i t s  definea i n  t h e  engine spec i f ica t ion .  
pressur iza t ion  system adequately cont ro l led  LH 2 
throughout t h e  f i r i n g  and during the  repressur iza t ion  periods. Post- 
test  inspect ion diaclosed t h a t  the lower f u e l  duct vacuum annulus had 
Lost i ts vacuum and t h e  entrapped gases contained approximately 97 percent 
GH2 and 3 percent H e .  
a crack i n  the lower bellcjwa of the  lower duct.  A f a i l u r e  ana lys i s  w a s  
completed and i t  was zoncluded t h r t  t h e  bellows experienced a flow resonance 
( a  high frequency low amplitude v ibra t ion)  which causes f a t igue  f a i l u r e .  
t o  the  engine 
The LH2 tank 
tank u l lage  pressure 
The lower duct was removed and leak checked revealing 
2-1 
Corrective ac t ion  has been i n i t i a t e d  which w i l l  f ab r i ca t e  and i n s t a l l  
flow l i n e r s  i n  the  low pressure ducts t o  e l iminate  any flow resonance 
i n  the  bellows. This i s  t o  become e f f e c t i v e  on S-IVB-506N and subs. 
2.5 Pneumatic Control and Puree Svstem 
The pneumatic control  and purge system performed adequately during the  
acceptance f i r i ng .  A l l  components functioned normally. 
2.6 Oxygen-Hydrogen Burner System 
The 02-% burner performed S a t i s f a c t o r i l y  during t h e  460 sec of operation. 
The L 3  tank was repressurized 177.3 sec a f t e r  burner start,  and the  LOX 
tank repressurizat ion w a s  terminated approximately 0.2 sec later. 
2.7 ProDellant U t i l i za t ion  Svstem 
The PU system general ly  performed s a t i s f a c t o r i l y .  However, a minor 
anomaly occurred when the closed-loop valve response exhibi ted anomalous 
ac t iv i ty  because of a s t i cky  PU valve. The valve w a s  replzced. 
2.8 Data Acauisit ion Svstem 
The da ta  acquis i t ion  system performed s a t i s f a c t o r i l y  throughout the 
0 -H 
ments were ac t ive  of which two f a i l e d  r e su l t i ng  i n  a measurement 
e f f i c i ency  of 99.1 percent. 
burner and mainstage f i r i ng .  Two hundred and twenty-seven measure- 2 2  
2.9 Electrical Power and Control Systems 
The electrical power and cont ro l  systems performed s a t i s f a c t o r i l y  
throughout; the  acceptance f i r i n g .  
and a l l  systems va r i ab le s  opexated within design l i m i t s .  
A l l  f i r i n g  objec t ives  were s a t i s f i e d  
2. LO Hydraulic System 
The hydraul ic  system operated properly supplying pressurized f l u i d  t o  t h e  
servo-actuators. 
system var iab les  operated within design I i m i t s .  
A l l  spec i f ied  test objec t ives  were achieved and a l l  
2 .11  F l igh t  Control System 
The dynamic response of t h e  hydraul ic  servo-thrust vec tor  con t ro l  system 
was measured while the 5-2 engine was gimbaled during t h e  acceptance 
f i r i ng .  
systems was sa t i s f ac to ry .  
The performance of t he  p i t c h  and yaw hydraulic servo cont ro l  
2.12 S t ruc tu ra l  Systems 
St ruc tura l  i n t e g r i t y  of che s t age  was maintained f o r  the v ib ra t ion ,  
tempaaature, and t h r u s t  load condi t ions of the acceptance f i r i n g  with 
the  exception of cracking and peel ing of Korotherm ab la t ive  coating on 
ce r t a in  areas of the  forward s k i r t .  
repaired under d i r ec t ion  of Materials & Methods/Research and Engineering. 
The damaged coating i s  t o  be 
2.13 Thermoconditioning and Purge System 
The rhermoconditioning and purge sys t em functioned properly supplying 
purge and environmental conditioning t o  the  s tage  within design l i m i t s .  
2.14 Effectiveness Engineering 
All malfunctions of Fl ight  Cr i t ica l  I t e m s  were invest igated and 
documented as follows: 
Total  number of malfunctions 4 
Nunber of items reworked i n  place 1 
Number of i t e m s  replaced 1 
Number of itenis requir ing f i n a l  d i spos i t i on  1 
2-3 
3. TEST CONFIGURATION 
This sec t ion  describes the s t age  and ground support equipment (GSE) 
deviations and modifications from t h e  f l i g h t  configuration a f f ec t ing  
the acceptance f i r i n g .  Additional d e t a i l s  of s p e c i f i c  system modifica- 
t ions  are discussed i n  appropriate  sec t ions  of t h i s  report .  Details of 
the S-IVB-509 s t age  configurations are presented i n  drawing No. 1B66684, 
S-IvB/V Stage End-Item Test Plan. 
Figure 3-1 is a schematic of the  S-IVB-509 s tage  propulsion system and 
shows the telemetry instrumentation transducer locat ions from which t h e  
test da ta  were obtained. The propulsion system o r i f i c e  c h a r a c t e r i s t i c s  
and pressure s w i t c h  s e t t i n g s  are presented i n  tdbles  3-1 and 3-2. 
engine S/N 2124 w a s  i n s t a l l ed .  
5-2 
The propulsion GSE consisted of pneumatic consoles "A" and "B," two 
propel lant  f i l l  and teplenishing cont ro l  s l e d s ,  a vacuum system console, 
and a gas heat  exchanger. 
3 . 1 Configuration Jkviat ions 
Configuration deviat ions required f o r  t he  acceptace f i r i n g  are discussed 
i n  drawing 1b11775E, Test Plan, Acceptance F i r ing ,  S-IVB/SV-STC. 
f i c a n t  configuration changes t o  the stage and GSE f o r  the acceptance 






Propulsion Sys t e m  
Stage propel lant  vent and bleed systems were connected t o  the  
f a c i l i t y  vent system. 
tank continuous vent system and the LOX and LH2 nonpropulsive 
vent systems. 
The s t age  port ions of the  propel lant  and pneumatic quick- 
disconnects were replaced with hardlines.  
A converging water-cooled d i f fuse r  was i n s t a l l e d  i n  the  engine 
th rus t  chamber ex i t  t o  reduce the p o s s i b i l i t y  of sideloads 
induced by j e t  stream separat ion.  
The nozzles were removed from the LH2 
d. A GN2 e j e c t o r  system was used t o  provide low pressure environ- 
ment a t  the 02-H2 burner nozzle e x i t .  
e. A heated GN2 purge was used f o r  the  LOX dome t o  prevent 
i n j e c t o r  i c i n g  during the simulated o r b i t a l  coast . 
3.1.2 Propel lant  U t i l i z a t i o n  System 
The propel lant  loading f a s t - f i l l  sensors i n s t a l l e a  on t h e  i n s t r u u n t a t i o n  
probes were used i n  the ind ica t ing  mode only. 
3.1.3 E l e c t r i c a l  Power System 
a. Model DSV-4B-134 ba t t e ry  simulators were used t o  supply s t age  
i n t e r n a l  power. 
b.  Model DSV-4B-727 primary b a t t e r y  simulators were used i n  place 
of primary f l i g h t  b a t t e r i e s .  
3.1.4 E l e c t r i c a l  Control System 
a. The instrument u n i t  and S-IVB/V s tage  e l e c t r i c a l  i n t e r f aces  
were simulated by GSE. 
b .  Two Model DSV-4B-188B A P S  simulators were used t o  provide A P S  
nodule e l e c t r i c a l  loads t o  t h e  s t age  cont ro l  s igna ls .  
c. The e l e c t r i c a l  umbilicals remained connected throughout the 
acceptance f i r i ng .  
3.1.5 Data Acquisition System 
a. The MSFC Basic S t a t i c  F i r ing  Measurement Program hardwire 
transducers ware in s t a l l ed .  
b .  A l l  instrumentation parameters without transducers,  and those 
disconnected f o r  hardwire usage, were l e f t  as open channels. 
3.1.6 Forward S k i r t  Environmental Control System 
Coolant for t he  forward s k i r t  thermocmditioning system was supplied by 
Model DSV-4B-359 Servicer . 
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3.1.7 Secure Range Safety Command System 
a. The Engine Cutoff Command output from Range Safety Systems 1 
and 2 was disconnected an:- stowed. 
b. Pulse sensors were attached t o  the  output of the  exploding 
bridgewire (EBW) f i r i n g  uni t s .  
3.1.8 S t ruc tu ra l  Systems 
a. The main and aux i l i a ry  tunnel covers were no t  installed.  
b. The s t a g e  was mounted on the  Model DSV-4B-540 Dummy In ters tage .  






f .  
8 .  
Resistance wire f i r e  de tec t ion  system w a s  i n s t a l l e d  f o r  
monitoring cr i t ical  areas of the s t age ,  GSE, and f a c i l i t i e s  
GH2 leak de tec t ion  system w a s  i n s t a l l e d  f o r  monitoring c r i t i ca l  
areas of t he  s t age ,  GSE, and f a c i l i t i e s .  
Blast de tec tors  were i n s t a l l e d  i n  the test  area f o r  monitoring 
ranges of 0 t o  25 p s i  overpressure. 
Model 742 s t a t i c  f i r i n g  hazardous gas s h i e l d ,  t h r u s t  cone water 
spray Firex,  cryogenic s p i l l  pan, forward s k i r t  support  r ing ,  
and vent p o r t  covers were i n s t a l l e d .  
Model 601 flame resistant p ro tec t ive  f i r i n g  cover w a s  i n s t a l l e d  
t o  enclose the forward s k i r t  area. 
An aux i l i a ry  propel lan t  tank p res su r i za t ion  system w a s  i n s t a l l e d  
using a GSE ambient helium source. 
Model DSV-4B-618 Engine Unlatch Res t r a i n e r  Links were i n s t a l l e d  
t o  r e s t r a i n  the 5-2 engine during s ta r t  t r a n s i e n t  s ideloads.  
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TABLE 3-1 
S-IVB-509 STAGE AN’7 GSE ACCEPTANCE FIRING ORIFICES 
Or i f i ce  Size o r  
Nominal Flowrate I qescr ip t ion  
Stage 
Continuous vent bypass 
valve ac tua t ion  cont ro l  
mortule i n l e t  
Continuous vent bypass 
iralve bellows purge 
Continuous vent bypass 
valve switch cav i ty  purge 
Continuou, vent No. 1 
I 
Continuous vent No. 2 
Continuous vent  purge 
LH2 f i l l  and g ra in  valve 
LOX f i l l  and d r a i n  valve 
purge 
LH2 chilldown valve purge 
LOX tank pressur iza t ion  
module, heat exchanger 
primary 
LOX tank pressur iza t ion  
module, heat exchanger 
bypass 
LH2 tank pressm-ization-- 
s t e p  node (All th ree  ori- 
f i c e s  used for acceptance 
f i r i n g  only.) 
LH2 tank Dressurization 
module--0vercont rol - 
second. burn 
LH2 tank pressur iza t ion  
module normal-under- 
con t ro l  
0.017 i n .  4ia 
300 scim w i t h  
15 scim with 
3,000 psid 
1.090 i n .  d i a  
1.090 i n .  d i a  
1 scfm w i t h  
3,200 psid 
15; scim with 
15  scim with 
3,200 psid 
65 scfm with 
1,600 psid 
0.219 i n .  d i a  
3,000 psi4 
3,200 psid 
0.1774 in.  d i a  
-- 
0.2056 i n .  d i a  
0.3551 i n .  6ia 
Coeff ic ient  
of qischarge 
~~ ~~ 
Effec t ive  












0 . 142W 
0 . 1 1 2 p  
0 . 0847 
* Qischarge coe f f i c i en t  and e f f e c t i v e  area are calculated f o r  overcontrol 
a114 step o r i f i c e s  i n  combination with the undercontrol o r i f i c e .  
iw Not recorded during c a l i b r a t i o n  
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Table 3-1 (Continued) 
~ 
?est r i p t i o n  
LH2 t ank  pressuA.aat ion 
moil ule  cont rol--ove rcont rol  
first burn 
LH2 tank pressur iza t ion  
module out l e t  
02-H2 burner LH2 supply 
valve purge 
LH2 tank nonpropulsive 
vent purge 
LH2 tank ncnpropulsive 
vent  NG. 1 
LH2 tank nonpropulsive 
vent  No. 2 
LOX chilldown pump purge 
LOX sensing l i n e  purge 
02-H2 burner GH2 balance, 
i n j e c t o r  No. 1 
02-H2 burner GH2 balance, 
i n j e c t o r  No. 2 
02-H2 burner LH2 tank 
pressur iza t ion  c o i l  
o u t l e t  
LOX tank vent relief 
valve purge 
02-H2 burner LH2 tank 
pressur iza t ion  c o i l  
helium i n l e t  balance 
02-H2 burner LOX tank 
pressur iza t  i o .  c o i l  
o u t l e t  
LOX tank ambient repres- 
s u r i z a t i o n  module o u t l e t  
Engine purge con t ro l  
module 
Or i f ice  Size o r  
Nominal Flowrate 
0.2358 i n .  d i a  
0.3126 in.  d i a  
15 scim wi th  
1 scfm with 
3,200 psid  
2.180 i n .  d i a  
3,200 psid 
2.180 i n .  d i a  
37 scim with 
475 p s i d  
1 scfm w i t h  
3,200 psid 
0.550 i n .  d i a  
0.550 i n .  d i a  
0.221 in .  d i a  
65 scfm w i t h  
3,000 psid 
0.120 in .  d i a  
0.1137 in.  dia 
6 scfm 
* M - t  recorded during c a l i b r a t i o n  
-~ 
Coeff ic ient  
of qischarge 
Effec t ive  
Area ( in2 )  
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w+ Wscharge coe f f i c i en t  anA e f f e c t i v e  area are calculated f o r  overcontrol  
and s t e p  o r i f i c e s  i n  combination w i t h  t he  undercontrol o r i f i c e .  
Table 3-1 (Continued) 
qescr ip t ion  
Console A 
Al console A stage bleeds 
i ' ressure actuated valve 
and main-stage pressure 
switch supply 
J-2 box ine r t ing  supply 
LH2 system checkout supply 
LOX system checkout supply 
LH2 tank and umbil ical  
PEssu re  switch checkout- 
Low pressure 
Pressure switch checkout- 
High pressure 
LH2 tank repressurizat ion 





A l l  console B s t age  bleeds 
LOX tank repressurizat ion 
supply 
Turbine s ta r t  sphere supply 
L O X  t a m  prepressurizat ion 
supply 
Console G N 2  iner t i rg  supply 
Engine control  helium 
sphere supply 
LH2 tank prepressurizat ion 
Thrust chamber jacke t  purge 
and chilldowr. supply 
LOX tank and umbilical  
5-2 box ine r t ing  supply 
supply 
purge supply 
a r i f i c e  Size o r  
Nominal Flowrate 
Va ria b2e 
1.2 scfm 
0.013 i r l .  d i a  
1.2 scfm 
2.0 scfm 
0.260 i n .  d i a  
1 .2  scfm 
0.044 i n .  dia 
Union 
0.013 in .  dia  
Variable 
0-114 i n .  d i a  
Union 
0,096 i n .  dia 
Variable 
0.125 in .  dia 
0.161 in .  d i a  
0.072 i n .  d i a  
0.302 in. P i a  
0.013 i n .  4ia 
Coe f f i c i w t  
of Disc ha rge 
- 
Effec t ive  
Area ( in2)  
-- 
S i -  te red  
-.I 














0 . OG3 70 
0.0635 
-- 
Table 3-1 (Continued) 
-- 
Turbine start sphere 
supply vent 
U)X tank auxiliary 
pressure 
LH2 tank auxiliary 
ISUra 
qescription 
Orifice Size or 
Nominal Flowrate 
Coe ff i c ie n t  
of qischarge 
0.081 in.  dia 
0.2517 in. rJia 
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4. TEST OPERATIONS 
The S-IVB-509 s tage  was the  ninth of t h e  bas ic  S-IVB/V series t o  be 
successful ly  acceptance tested. The acceptance f i r i n g  was precede4 by an 
02-H2 burner f i r i n g  and an ambient repressur iza t ion  t e s t .  “etai ls  of t h e  
count4own and checkout (precount6own) a c t i v i t i e s  are presented i n  t h e  
followine paragraphs. S igni f icant  events occurred a t  t he  followinp tixes: 
Event Time (PqT) 
02-H2 burner f i r i n g  i n i t i a t i o n  1134: 53.445 
Simulated l i f t o f f  1400:48.COO 
Engine start  command 1409: 18.981 
Engine cutoff  cormand 1416: 5L.316 
4.1 Checkout 
After t h e  S-IVB-509 stage was assembler! a t  t h e  Mcqonnell-9ouglas (MDAC) 
Astronautics Company Space Systems Center i n  9unticgton Beach, i t  w a s  
subjected t o  a complete stage checkout includifig an a l l  systems test. 
was then modified and shipped t o  the Sacranento Test Center (STC). 
tirrived a t  STC on 1 April  1969 an4 was i n s t a l l e d  i n  Beta Complex Test 
Stand 111. The nodi f ica t ion  program continued concurrently wi th  
stage checkout. A l l  modifications were completed before the  integrated 
systems t e s t  which was s a t i s f a c t o r i l y  
It. 
It 
accomplished on 30 April. 
k prac t ice  countdown was conducted on 7 and 8 May f o r  software ver i f ica t iDr  
and countdown crew t ra in ing .  The Veady f o r  Acceptance F i r ing”  milestone 
was met on 12 May. The p r e f i r i n q  and p o s t f i r i n g  checkouts were performed 
i n  accordance with the  es tab l i she4  handling and checkout procedures. 
4 . 2 Countdown Operations 
The acceptance f i r i n g ,  countdown 614120, was a f u l l  dura t ion  5-2 engine 
f i r i n g  i n i t i a t e d  on 13 May 1969 a t  0830 PnT. Short ly  af ter  LOX loading 
started, a 40-minute hold was called because t h e  low pressure GN2 vrpor izer  
faile? t o  rergnite. 
paragraph 4.3. 
The holJ anA other noteworthy events are discusser! i n  
The acceptance f i r i n g  was successfu l ly  completed on 14 May. 
4-1 
Qcept f o r  t h e  deviat ions neceTsitated by a s iny le  5-2 enpine burn, t h e  
performance of a n  02-H2 burner f i r i n g ,  and t h e  ambient repressur iza t ion  
tes t ,  t h e  countdown conformed t o  the  sequence intended f o r  use a t  Kennedy 
Space Center. 
t ab le s  4-1, 4-2, and 4-3. The propulsion operat ions were performed i n  t h e  
following sequence: 






f .  
g. The terminal countdown and 5-2 engine f i r i n g  were performed. 
Propel lan ts  were loaded t o  the  68 percent l eve l .  
LOX and LH2 tank vent r e l i e f  test  was performe*. 
The continuous vent valve was func t iona l ly  tested. 
The 02-H2 burner f i r i n g  was psrformed. 
The ambient repressur iza t ion  system w a s  func t iona l ly  tested. 
The Lax and LH2 tanks were reloade? t o  t h e  100 percent l e v e l .  
The L3X and M 2  systems relieved a t  the  following pressures: 
Valve -
L O X  NPV 
LOX vent and r e l i e f  
LH2 l a t ch ing  relief 
LH2 vent and relief 
pressure (ps i a )  
43.2 43.1 43.1 
32.2 32.2 32.0 
Not obtained 
Not obtained 
The f i r i n g  of t h e  restartable 02-l!2 burner w a s  i n i t i a t e 4  a t  1134:53 PDT 
and proceeded normally through burner shutdown. 
455 secorids, a s  programmed . 
The burner  f i r i n g  was 
L.2.1 Cryopenic Loadin8 
Setups f o r  LOX loading began a t  0600 PDT on 13 Nay, and both tanks were 
loaded t o  the 68 percent l e v e l  by 090’7 PqT. 
then  accomplished, and the burner and ambient repressur ize t ion  tests were 
performed. 
The on-stand inspect ion was 
The tanks were then  reloaded to  the 100 percent l eve l .  
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4.2.2 Terminal Countdown 
The terminal countdown was in i t ia teA a t  1340:18 ?T)T ( T  -20 minutes 30 sec- 
onds). 
i n i t i a t e d  by t h e  LH2 Aepletion sensor at T +966 seconds. 
durat ion was 452 seconds. 
The count proceedec! mooth ly  through 5-2 engine cu tof f  which was 
Mainstage 
4.3 Roteworthy ?vents 
The following noteworthy events  occurred during t h e  countdown: 
a. qar ing LOX loading, a 4C-rninute hoU was cal led because t h e  
f a c i l i t y  low pressure GhT2 vaporizer failed t o  i g n i t e  on a r e l i g h t  
cycle. 
engine f i r i n g  and vehic le  off-loading. 
After LOX reloaA t o  the 100 percent l e v e l ,  t h e  LOX f i l l  and drain 
valve required boost coxnand t o  close.  
It w a s  manually started and operated normally during 5-2 
b. 
c. A t  i n i t i a t i m  of LH2 and LOX relief tests, t h e  cold helium 
shutoff valves energized talkback (K0571) failed t o  pick up i n  
the  allowable 26 mil l iseconas and caused a program h a l t .  
s t eps  were repeat,erj once with the  same r e s u l t ,  then again slowly 
and successfully.  The problem was a t t r ibu ted  t o  slow 8ropout of 
the  relay i n  t h e  CSE. 
considered marginal, and it w i l l  be extended for  t h e  next test. 
The 
?rogrammerj timing 3 r  t h i s  item was 
. Wring  c r i t i c a l  components cycling, engine cont ro l  sphere pres- 
sure  (q0534) was thought t o  have increased during engine cont ro l  
sphere dump cycle. 
supply valvp was openecl a t  approximately 3 seconds before the  
engine con t ro l  sphere dump cycle, the sudden large rjernallrt f o r  
hel ium caused an approximately 80-psi increase i n  the stage 
hel ium regula tor  o u t l e t  pressure and a corresponding increase 
i n  the engine cont ro l  sphere pressure. 
Actually, when t h e  cold helium sphere f i l l  
e. The LOX fast  fill sznsor w e t  condition talkback (K0675), which 
i s  locate? a t  the 98 percent qass leve l ,  f a i l e d  t o  pick up during 
LOX loading t o  t h e  100 percent l e v e l  and remained o f f  u n t i l  it 
was jarred by the  v ib ra t ions  a t  engine s tar t  cornand. 
t o r  back-shell a t  t h e  tank fee4through t o  t h e  sensor was found 
loose Auring post- tes t  inspection. 
The connec- 
f. Wrinc execution of t h e  propel lant  d i spers ion  subroutine,  which 
i s  run 21 seconds a f t e r  engine s tar t  co.m.and, range s a f e t y  system 
No. 2 d i d  not function properly because o f  a f a u l t y  AecoJer. The 
decoAer was replaced 
4.4 Atyospheric Cor,ditions 
The following atmgspheric condi t ions prevai leJ  *ring t h e  ConntlJown: 
Time (PnT)  0920 
'..'ind d i r e c t i o n  (deg f r o m  North) 180 
Baronetric pressure ( i n .  Hq) 29.97 
Arnbient ternperature (.leg F) 58 
q e w  point (+eg F) 46 
T5n6  speed (knots)  3 








































































LH2 tank vent valve closed 
Burner i g n i t i o n  seQuence ini t ia te?--5urner  LH2 propel lant  
valve opened (11:3&:53.423 P’IT) 
Burner LOX propel lan t  valve opened 
LH2 tank vent r e l i e f  overboard valve closed 
LH2 tank  vent o r i f i c e  bypass valve closed 
LH2 t ank  vent o r i f i c e  and r e l i e f  rese t  
02-H2 burner system re l ay  reset 
02-H2 vat  ing c i  r c u i t  enabled 
LH2 t ank  repressur iza t ion  valve openec! 
LOX tank repressur iza t ion  valve opened 
LH2 tank repressur iza t ion  valve closer! 
LE2 tank 6-:erpressurization pressure switch energized 
LOX tank repressur iza t ion  valve closed 
LO)! chilldown pu*np/inverter energized 
LH2 chilldown pu!rp/inverter energized 
LH2 and LOX prevalves closed 
LH2 tank f l i g h t  pressure valve energized 
LH2 tank s t e p  pressur iza t ion  valve energize( 
LH2 propczliant valve closed 
LH2 and LOX repressur iza t ion  system r e s e t  
02-H2 voting c i r c u i t  d i sab led  
LH2 an6 LOX repressur iza t ion  mode - ambient 
LH2 tank vent orifice an6 r e l i e f  r e s e t  o f f  
02-H2 burner system re l ay  reset 
Surner LOX propel.lant valve closed 
LH2 chi l l i row shutoff valve opened 
LUX prevalve opened 
LH2 prevalve opened 
LH2 ch i l l r Jom pump relay rese t  
LOX chil lrown punp re lay  r e s e t  
!-!ydraulic a u x i l i a r y  p u ~ p  f l i g h t  r e l a y  reset 




20 . 49G 
52 . 110 
52.111 


















Ei li3IENT REPRESSURIZATION SEQUENCE 
Yvent 
LOX tank vent valve closed 
Ambient repressur iza t ion  sequence i r i i  tiatecl --LOX tank 
repressur iza t ion  valve opene+ (11: 46: 53.755 P'rT) 
LH2 tank vent r e l i e f  overboard valve closed 
LH2 tank vent o r i f i c e  bypass valve closed 
LH2 tank repressur iza t ion  valve opened 
LH2 tank r e p r e s s c n x a t i o n  valve closed 
LH2 tank overpressure pressure switch energized 
LCIX tank repressur iza t ion  valve closed 
LOX tar,k overpressure pressure switch energized 
LH2 tank l a t c h  anJ r e l i e f  vaive opened 
LOX tank NPV valve opened 
4-6 
TABLE 4-3 











-283 4 971 









-132 . 151 









































Engine start. tank purge supply closed 
Engine start tank chilldown an$ f i l l  in i t ia ted 
Engine t h r u s t  chamber chilldown i n i t i a t e d  
S t a r t  tank vent closed 
Engine start tank f i l l  terminated 
Engine cont ro l  sphere f i l l  terminated 
LH2 chilldown pump ON 
LOX chilldown pump ON 
LOX and LH2 prevalve closed command 
LH2 prevalve open pos i t ion  dropped out 
LOX prevalve open pos i t ion  dropped out  
LH2 prevalve closed p o s i t i m  picked UP 
LOX preval-re closed pos i t ion  picked up 
LOX NPV latchad 
LOX vent  valve closed 
LOX tank prepressurizat ion i n i t i a t e d  
LOX tank prepressurizat ion terminated 
LOX tank prepressurizat ion makeup cycle i n i t i a t e d  
LOX tank prepressurizat ion makeup cycle terminated 
LOX tank prepressurizat ion makeup cycle  i n i t i a t e d  
LOX tank prepressurizat  ion  makeup cycle terminated 
4I2 tank vent valve closed 
LH2 tank prepressurizat ion i n i t j  ated 
LH2 tank prepressurizai ion terminated 
LH2 d i r e c t i o n a l  vent  valve t o  f l i g h t  pos i t ion  
ColA helium supply vent opened 
LH2 tank prepressurizat ion supply vent opened 
Simulated lf f t o f f  (14: 00: 48.000 PST) 
Engine t h r u s t  chamber cnilldown terminated 
LH2 and LOX prevalve open commend 
4-7 







509 . 236 
510.257 
510 . 378 















512 . 783 
512 ,307 






































ic?432 1 K2431 
Event - 
LOX prevalve closed pos i t i on  dropped out 
LH2 prevalve closeA posi t ion dmpped out 
Cold helium shutoff  valves opened 
LOX pvevalve open picked up 
LH2 prevalve open picked up 
LOX chillrlown pump OFF 
LH2 chill jown punp OFF 
Engine start command 
Engine con t ro l  h e l i i m  valve opened 
LOX AS1 valve opened 
Yain LH2 valve s t a r t e d  t o  open 
LOX tank vent valve opened 
LH2 bleed valve closed 
LOX bleed valve closed 
Main LH2 valve opened 
S t a r t  Lnk  discl-mge valve open command 
Start, tank discharge valve s tar ter l  t o  open 
S t a r t  tank discharge valve opened 
S t a r t  tank discharge valve close command 
Main LOX valve started t o  open 
Gas generator valve started t o  open 
S t a r t  tank 3ischar  valve started t o  c l c j e  
Gas generatqr  valve opened 
S t a r t  tank rliacharge valve closed 
LH2 tank f l i g h t  pressure valve close command 
LH2 tank s t e p  p res su r i za t ion  valve close C O I I . ~ ~ ~ ~  
Main LOX valve openerl 
LOX t.ar.k vent valve closed 
LH2 l a t ch ing  vent valve opened 
5-2 heat exchanger bypass valve c h s e d  overriAe 
disabled (valve closed)  
LH2 l a t ch ing  vent valve closed 
4-8 
Table 4-3 (Continued) 
Time  
(see) 
e41 . 308 
921 . 193 
























LH2 tark f l ight  pressurization second burn mode 
initiated 
LH2 tank step pressurization 1 ttiated 
LH2 and LxlX chilldown shutoff valve close consand 
LH2 chilldown shutcff valve open dmpped out 
LOX chilldown shutoff valve open dropped out 
LOX chilidom shutoff valve closed picked up 
LH2 chilldawn Fhutoff valve closed picked up 
LH2 tank latching vent valve closed dropped out 
LH2 vent valve opened 
Engine cutoff command 
4-9 
The S-IVB-509 acceptance f i r i n g  sequence of events Z.: presented i n  
t a b l e  5-1, and t h e  02-& burner f i r i n g  sequence of events i s  presented i n  
t a b l e  5-2. The two t i m e  bases used i n  t h i s  table are as follows: 
L 
0 -E Burner Ign i t ion  Sequence 1134:54.000 h r  PDT 2 2  
Simulated Liftoff for  5-2 Engine 
F i r ing  
1400 : 48.090 k r  PET 
The da ta  sources wzre t h e  Digi ta l  Events Recorder (LER/CAT 57) and t h e  
PCM/FTl System (CAT 42). Accuracies of t h e  l i s t e d  events are as follows: 
Data Source Accuracies - 
D i g i t a l  Events Recorder (DER/CAT 57) +0, -1 m s  
Discrete  Bi level  (CAT 42) 
Direct Inser ted  
Submult iplexed 
+0, -9 m s  
+0, -84 m s  
TABLE 5-1 (Sheet 1 of 20)  
SE;QC€;iCE OF EVEIr‘TS (;-2 G G I Z  )
Launch Automatic Sequence S t a r t  
(5-2 Eng. Firirig Phase) 
S-IVE Engine Cutoff 
Eng Cutoff Lockin 
Indica-Lion - O r  
Eng Cutoff Command - On 
Eng Cutoff Ind - On 
Eng Ign B u s  Pwr On Cmc! - On 
Eng Ign Sus Pwr Ind - On 
Awc Hyd Pump F l t  Mode On 
Awr Hyd Pump F l t  R e 1  
Reset - O f f  
Aux Hyd Pump Power On 
Eng S t  ”k Dump Close 
S t a r t  Tk GH2 Vent C l s  Cmd - Off 
S t  Tk GH2 Vent Cls Ind - 
O f f  
S t  Tk GH2 Vent Open Ind - 
On 
LH2 Chilldown Pump On 
LH2 C/D Pump R e 1  Reset - 
O f f  




















































K O 0 1  
T I I E  
-478.472 
-478.439 
GSE = T h i s  event i nd ica t e s  t h a t  a p a r t i c u l a r  command has been sen t  from 
Ground Support Equipment t o  t h e  stage. 
TABLE 5-1 (Sheet 2 of  2 0 )  
SLQLGiCL OF iVE;;TS (2-2 LiGIiX)  
APS 3us 1 F'wr Ind - 9n 
-fS aus 2 Pwr Ind - On 
Heat Exchanger Bypass Valve 
Control Disable (Prer ' l ight 
Command Only) 
LOX Chilldown Pump On 
LOX C/D Pump Re1 Reset - 
O f f  
LOX C/D P.;lmn Inve r t e r  On 
LOX & L5- L Fre. I -.e : ~ ~ ? j e  
Comand - On 
LE2 Prevalve Open 
Indica t ion  - O f f  
LOX Prevalve Open 
Indica t ion  - O f f  
LE2 Prevalve Closed 
Indica t ion  - On 
LOX Prevalve Closed 
Indica t ion  - On 
LOX Tk IJPV Vlv L a t c h  Open O f f  
LOX Tk Vents B s t  Close and 
Latch Rels - On 
LOX Tank Vent Valve 













D I G I T A L  €VEX' 










~ 0 6 1 9  
~ 0 6 2 0  



























K O l X  
K O l l (  






TABLE 5-1 (Sheet 3 of  20) 
SEQUENCE OF EVENTS (5-2 EJGINE) 
EVEIiT/RESULT OF COMWUI'D 
LOX Tank Vent Vlv Open 
Indica t ion  - O f f  
LOX Tank Vent Valve Closed 
Indica t ion  - On 
Cold He Shutoff Valve Close 
Command - O f f  (Open) 
Cold He Shutoff Valve Ener 
' Indica t ion  - On 
LOX Tk Overpress P/S Ener 
Cold H e  Shutoff Valve Erer  
Ind - O f f  
LH2 Tank Vent Valve Command - 
3ff  ( c l o s e )  
LH2 Tank Vent Valve Open 
Ener - O f f  
LH2 Tank Vent ?alve Close 
Ind - On 
LH2 Tank Vent Valve Open 
Ind - O f f  
LH2 Latch R l f  Vlv Open Latch 
Cmd - O f f  
LOX Tark F i l l  & Drain Vlv 
Cmd - Off 
LOX Tank F i l l  & Drain B s t  
Close - On 
LOX Tank F i l l  & Drain 
Open Indica t ion  - O f f  
LOX Tank F i l l  & Drain 




























































TABLE 5-1 (Sheet 4 of  20) 
SEQUENCE OF EVENTS (5-2 ENGIJE) 
EVEBT/RESULT OF COWJD 
LOX Tank F i l l  & Drain B s t  
Close - O f f  
LH2 Tank F i l l  & Drain Vlv 
Cmd - O f f  
LH2 Tank F i l l  & Drain B s t  
Close - On 
I_IH2 Tank F i l l  'L Drain 
Open - 9ff 
LH2 Tank F i l l  & Drain 
Ciosed Indica t ion  - On 
LH2 Tank F i l l  & Drain B s t  
:lose - O f f  
A f t  Bus 1 Transfer I n t e r n a l  
Indicat ion - On 
4 f t  Bus 2 Transfer I n t e r n a l  
Indicat ion - On 
Fwd Power I n t e r n a l  Ind ica t ion  - 
In 
LH2 Tank Vent D i r  Gnd Pos i t ion  
Iff 
LH2 Tank Vent D i r  F l igh t  
?os i t ion  On 
i /S  1 P3 Cutoff Cmd I n h i b i t  
Indication - O f f  
i /S 2 PD Cutoff Cad I n h i b i t  
























K O 5 5 4  
K3831 
~ 0 6 2 2  
~ 0 6 2 3  
KO639 
K O 5 6 1  
KO562 
~ 0 6 6 2  
















P CM / FM 












TABLE 5-1 (Sheet 5 of 20)  
SEQUENCE OF EVEI?TS (5-2 ErJGINE) 
EVElIT/RESULT OF COMMAND 
Simulated L i f t o f f  ( T O ) *  
:east Period On - Cad 
LOX F l t  Press  Coast Period 
R s t  - Ind - O f f  
T/M Cal ibra t ion  On 
T/M Cal ibra t ion  O f f  
Eng Pump Prg Cont Valve Enable 
On 
Eng Pump Prg Sol  Valve 
Energized 
Coast Period O f f  - Cmd 
LOX F l t  Press  Coast Period 
R s t  - Ind - On 
Eng Cutoff Am! - Observer 
Eng Pump Prg Cont Valve Enable 
O f f  
Eng Pump Prg So l  Valve 
De-energized 
T/M Cal ibra t ion  On 
T/M Cal ibra t ion  O f f  
Charge Ullage I g n i t i o n  On 
Ullage Rkt P i l o t  Relays 
Rst - O f f  
LH2 & LOX Prevlv C l s  Cmd - O f f  
LH2 & LOX Prevalve Open 











































( s e c )  
#TO = 1400:48.000 PDT 
5-6 
TABLE 5-1 (Sheet  6 of 20)  
SEQUEGC~L OF EVEIITS ( J -2  EIiGIME) 
LOX Prevalve Closed 
I n d i c a t i o n  - O f f  
LH2 Prevalve Closed 
I n d i c a t i o n  - O f f  
LOX Prevalve Open 
I n d i c a t i o n  - On 
LE2 Prevalve Open 
I n d i c a t i o n  - On 
LOX Tk Flt Press  Sys t  On 
Cold He Shutoff  Valve 
Ener Ind - On 
LOX Chilidown Pump O f f  
LOX C / D  Pump I n v e r t e r  
O f f  I n d i c a t i o n  
LOX C/D Pump Re1 Reset 
I n d i c a t i o n  
LE2 C / D  Pump O f f  
LE2 C/D Pump I n v e r t e r  
O f f  I n d i c a t i o n  
LH2 C / D  Pump R e 1  Reset 
I n d i c a t i o n  
S- IVa  Engine Cutoff O f f  
Engine Cutoff Ind - Sw 
S e l  Reset 









1 3  
DIGITAL EVGT 
RECORDER (CAT 57) 








~ 3 8 9 0  
K0519 
~ 0 6 4 4  
~ 3 8 9 0  
~ 0 5 1 2  
KO641 
K3890 




























TABLE 5-1 (Sheet 7 of 20) 
SEQUENCE OF EVENTS (5-2 ENGINE) 
EVEIiT/RESULT OF COMMAND 
4 f t  Separate Simu 1 On 
9 f t  Separate Simu 2 On 
Fire Ullage Ign On 
Ul-lage Rkt Ign PS 1 
Indica t ion  
Ullage Rkt Ign PS 2 
IncXcation 
S-IVB Engine S t a r t  On 
Engine S t a r t  Ccmmand R e 1  
R s t  O f f  
Engine S t a r t  Command On 
Eng Ign Ph Cont Sol  Ener 
Eng Spark T/C Sys Or- 
Eng Spark GG Sys On 
Eng Cont H e  Sol Valve Ener  
Eng Ready Sig  O f f  
Eng AS1 LOX Valve Open 
Eng Main LH2 Vlv C l s  - O f f  
LOX NPV Vlv Clsd Ind - On 
Erig LH2 Bld Valve C l s  - On 
Eng Main LH2 Vlv Open - On 
Eng LOX Bld Vlv Cls - On 








































~ 0 0 0 6  
k0010 
k0011 
~ 0 0 0 7  
k0012 
~ 0 1 1 8  














5 1 1  180 
5-8 
TABLE 5-1 (Sheet 8 of 20)  
SEQUENCE OF EVENTS (5-2 EIJGINE) 
EVENT/RESULT OF C O i W N D  
A f t  Separate Simu 1 Off 
4 f t  Separate Simu 2 Off 
Fuel I n j  Temp OK Bypass 
Fuel I n j  Temp OK Bypass 
R l j j  Reset 
Sngine S t a r t  Tk Disch Cont 
S o l  Ener 
Engine S t a r t  Tk Disch Vlv 
Clsd Ind - Off 
Eng S t  Tk Disch Vlv Opn - 
On 
Eng St Tk Disch S o l  Ener - 
Off 
Eng M/S Cont So l  Ener - On 
Eng Main LOX V1-J C l s  Ind - 
Off 
Eng GG Vlv C l s  Ind - Off 
En@ St Tk Disch Vlv Opn - 
Oft' 
Eng GG Viv Opn - On 
Eng LOX Turb Byp Vlv 
Open - Off 
En@; S t  Tk Disch Vlv C l s  
Ind - On 
F LOX Turb Byp Vlv 
Closed - On 















~ 3 8 9 0  
~ 9 4 4 6  
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T E W E  










TABLE 5-1 (ShC2t 9 of 20)  
SE€&JEI?CE OF EVEIJTS (J-2 ENGINE ) 
EVEUT/RESULT OF COMMAND 
~~ ~~ 
Eng M/S OK Press  Sw-1 
Eng M/S OK P/S-1 
P r e s s m i  zed 
Eng M/S OK Press  Sw 
Pick-up r?o ) 
Eng MI'S OK Press Sw 
Pick-up (No) 
Eng M/S OK P/S-2 
Pressurized 
Eng M/S OK P/S-2 
P res swized  
Eng Main LOX Vlv Open 
Eng Spark GG Sys - O f f  
Eng Spark T/C Sys - O f f  
S-IVB Engine S t a r t  O f f  
Engine S t a r t  Command R e 1  
R s t  
Engine S t a r t  Command O f f  
F i r s t  Burn Relay On 
F i r s t  Burn Press  Cont Vlv 
Sol. Ener 
F i r s t  Burn S tep  Press  
Cont Vlv Ener 









~~~ ~ ~~ 
DIGITAL FVWT 
RECORDER (CAT 57: 
~ 0 6 1 0  
KO 572 
KO412 
~ 0 6 8 5  
KO573 
K9459 
K O 4 5 4  
KO455 
~ 3 8 9 0  
KO634 
KO556 


















SEQUENCE (CAT 42 )  
MEAS. 
i o .  
K O 0 1 4  





K O 0 1 0  
KO011 










TABLE 5-1 (Sheet 10  of 2 0 )  




S ELE CT OR 
CHAIJNEL 




lChg Ullage J e t t  On 
Fire Ullage J e t t  On 
Ullage Tocket J e t t  P/S 1 
Ind - On 
Ullage Rocket J e t t  F/S 2 
Ind - On 
Fuel InJ  Temp OK Bypass Reset 
Eng LH2 Inj Temp Byp R s t  
J l lagl  ' x k e t  Chg Reset 
Jll.age Rocket F i r ing  Reset 
Ullage Rocket T i l o t  
Relays R s t  
it Exch Bypass Valve Control 
3nable 
LOX Press  H t  Exch Bypass 
Vlv Cont Disable - O f f  
i /S  EBW FU Arm & ECO Cmd - On 
R/S 2 A m  & ECO Cmd Rcvd 
8,'s 1 Arc- & ECO Cmd Rcvd 
R/S 2 PD EBW FU Pwr On 
R / S  1 PD EBW FU Pwr On 
3 / S  2 EBW A r m  & ECO On 










FiECORDER (CAT 57)  
MEAS. 
xo , 
~ 0 6 5 0  
~ 0 6 9 2  
KO693 
TIME 
( sec  1 
518.632 














535 9 6  
- - 
F\=M/FM 
SEQUEMCE (CAT 42)  
*R/S Sys 2 Fa i led  t o  Operate d u r i n g  the Firing 
3-11 
TABLF 5-1 (Sheet ,1 of 2 0 )  
SEQUSCZ OF .WEITS (5-2 ENGIIJE) 
-- I 
_9/E 2 -4r. & ECO Cad Rcvd I 
1 Off 
R/S 1 Grm Se ECO k d  H c - i  - 
(>f 
3/S E3X ?U h 3c ECO Chd - 9ff 
I 
]R/S FD Cnd - Cn 
i 
R/S 2 PG h d  Rcvcl On 








F /S  2 PD ihd Rcrd Off 
R/'S 1 PL, ihd  R-vd Cff 
R/S PI? Crr-d - Off 
IR/S Sys G f Y  h id  - On 
I 
j p./s 2 sys Off Cma licva: - 33 1 
R / i '  2 PD EBW 1U Tvr Off 
F/S 2 ?C\T Pwr Off 
3/S 2 SYS O f f  b.d R C V ~  -
Off I 
?,/S 1 SYS Off Cmd Rcvd - I 
On 
































R/S 1 Rcvr Pwr Off I 1 KO6801 542.27'; -- . 
pc:4 / FYI 
SEQVLXCE (CAT 42) 
538.980 
*(P/S Sys 2 Failed t o  Gperate dwing tbe Firing 
5-12 
TABLE 5-1 (Sheet 12 of 20) 
SEQUENCE OF EVEilTS (5-2 EiiGIXE ) 
R / S  SYS O f f  b d  - O f f  
Aux Hyd Pnp Flt :.!ode O f f  
A u  Eyd Pmp F l t  R e 1  R s t  - 
O f f  
A u  3yd R p  On Ener - O f f  
A u  Hyd h p  F l t  :.lode On 
Xux Hyd Pmp F l t  R e 1  
Reset - O f f  
AUX Eyd Pmp Power On 
F i r s t  Burn Relay O f f  
Fuel Tank Press  Cont Vlv 
Sol De-ener 
Fuel Tank  S tep  Press  Cont 
Vlv Sol De-ener 
Second Burn Relay On 
L).i2 T k  Step Pres  V l v  Ener 
Fuel Tk Press  Cont Vlv Sol 
Ener 
PU Active O f f  
PU Sys On Indica t ion  
PU Hardover On 













RECORDER (CAT 57) 



































861 . 541 
861 547 
5-13 
TABLE 5-1 (Sheet 13 of 20) 
SEQUENCE OF EVENTS (5-2 EIJ'GINE) 
EVEi?T/RESULT OF C O W i D  
Second Burn fielay O f f  
Fuel Tk Press  C o n t  Vlv 
So l  De-ener 
LH2 Tk Step Pres  Vlv Ener 
PU Position Hardover O f f  
LH2 and LOX C/D SOV C l s  Cmd - 
3n 
LE2 & LCX C/D Shutoff 
C l o s e  Ener  - 03 
LH2 C/D Shutoff ?alve 
dpen - O f f  
LOX C/D Shutoff Valve 
Open - O f f  
LOX C/D Shutoff Valve 
Closed - On 
3 2  C/D Shutoff Valve 
Closed - OD, 
Point Level Sensor Armhg 
Eng Pump Purge C o c t  Vlv 
Enable On 
Eng pwlp Prg Sol  Vlv 
Ener - On 
Er ig L2.t C t  PKT Cmc - On 
Eng Cutoff Lock-In 
Ind - On 
Eng Ign Ph Cont Sol  















~ _ _ _ _ _ _ _ _ _ _  
D I G I T A L  EVENT 






9 2 ~ .  193 
921. i 93  
321.343 
921.435 








K4796 966.315 1 
KO539 I 966 316 
PCM/FM 













s6€. 323 1 
5-14 
TABLE 5-1 (Skeet  1 4  of 20 )  
SLQL'ENCS C)F EVE2S (J-2 E l i G I X )  
%g C Q t o f f  Ind - Veh 
h e r  - On 
- ;ng :</S C o n t  S o l  Zner - 
O f f  
Erik C u t o f f  Ir,d - Jon 
Frog - On 
Erg AS1 Oxid Vlv Open 
Eng GG Vlv Open - O f f  
02-B2 Burner Sys R e 1  R s t  
I n d  - O f f  
Eng Main LOX Vlv Open - 
Cff 
- rAxg :.:sin LH, Vlv Open - 
O f f  
Sng Y/S OK ?/S-2 
3epres su r i zed  
Eng 14;s ox P/S-l 
Depressurized 
Eng M/S OK Press Su 
:lo. 1 - Off 
Eng Thrust  OK 2 
Eng Thrust  OK 1 
En3 Kain LCX Vlv Lnls - On 
Eng L3X Furb 33-p Vlv C l s  - 
O f f  
GSE/ 





















m 'I i I& 

















P CM /E.! 
SEQUEiU'CE (CAT 4 2 )  
~ 0 0 0 5  
m117 
k0120 
~ 0 1 1 8  
€3159 












TABLE 5-1 (Sheet 15 of 20) 
SEGUENCE OF EVENTS (5-2 ENGINE) 
Eng M/S OX Press Sw No. 2 
- O f f  
Eng Main LH2 Vlv Cls - On 
F’wd Bus Transfer External 
Indicat ion - O f f  
A f t  Bus 1 Transfer 
External Indicat ion 
Eng LOX Turb Byp Vlv Opn 
A f t  Bus 2 Transfer 
External IIidication 
Eng Cont H e  Sol  Vlv 
Ener  - O f f  
Eng Cutoff Lockin Ind - 
O f f  
Eng Ready S ig  - On 
3% Pmp Prg Cont Vlv Enable On 
LH2 & LOX ?revalve Closed 
zommand - On 
LH2 & LOX Prevalve Xosed  
Ener 
LH2 Prevlv Open Indica- 
t i o n  - O f f  
LOX Prevlv Open 
Indica t ion  - Clff 
LH2 Prevlv C l s  - On 









































967 . 306 
967 - 350 






TABLE 5-1 (Sheet I d  of 20)  
SEQUENCE OF EVEiiTS (5-2 ENGINE) 
EVENT/RF.SULT OF COMMAND 
S-IV? Engine S t a r t  O f f  
Cold He Sov Cls Cnd - On 
Cold H e  Sov Opn Ener  - O f i '  
S-IVS Engine Cutoff 
Erigine Cutoff Ind - S ~ J  
S e l  - On 
LOX Tk Press  Shutoff Vlvs C l s  
On 
F i r s t  Burn Relay O f f  
Seccnd Burn Relay O f f  
LOX Tack F l igh t  Press  System 
O f f  
LOX Chilldown F .p O f f  
LH2 Chilldown F . p  O f f  
Point Level Se- .sor Disarming 
Fuel I n j  Temp OK B y p a s s  Reset 
Ullage Chg Reset 
Ullage F i r ing  Reset 
T/I4 Ca l ibra t ion  O f f  
Heat Exchanger Bypass Valve 
Enab On 
LOX Cold He Dump Cmd - On 
DIGITAL EVEIiT 






















































972 549 -- 
PCM/Fbl 




"This event was turned on By t h e  GSE i n i t i a t e d  cucoff. 
5-17 
TABLE 5-1 (Sheet 17 of 20) 
SZQUENCE OF EVENTS (J-2 ENGINE) 
EVENT,’RESULT OF COMMAND 
Eng Cont B t l  h p  Opn - On 
PU Boiloff B i a s  Cutoff - On 
PU LH2 Boiloff Bias On 
Ind - On 
PU Boiloff B i a s  Cutoff O f f  
PU LH2 Boiloff B i a s  
Cutoff On Ind - O f f  
A x :  Hyd h p  F l t  Mode Off 
Aux Hyd Pmp F l t  Re; R s t  
A w t  Kyd Pmp On Ener N o  
PU Mixture Ratio 4.5 On 
PU Open Loop Rels Rs: - 
O f f  
3U Programmed Mixture Ratio Off 
PU Opn Loop Rels R s t  - On 
hllg Lkt C / T  Pwr Cmd - O f f  
Eng Lkt G S E  Pwr Cmd - O f f  
Comp Test Ut Ind - O f f  
Non 2rog Veh Eng; Cutoff 
Ind - O f f  
S-IVB Eng CutcfE O f f  
Eng kdtor.. Ind - Sw Sel - 
O f f  













~ 3 8 9 0  
I KC417 
TIME 












1,661 . 016 
1,661 . 137 




1,688 . 100 
1,688 io3 
PCM/FM 




TABLE 5-1 (Sheet 18 of 20) 
SEQUENCE OF EVENTS (J-2 ENGINE) 
-~ ~ ~ ~ 
EVENT/RESULT OF COMMAND 
~ 
LH2 & LOX Prevlv - C l s  Cmd - 
Off 
LH2 & LOX Prevlv C l s  
Ener - O f f  
LOX Prevlv - C l s  Ind - O f f  
LH2 Prevlv - C l s  Ind - O f f  
LOX P r s l v  Open Ind - On 
LH2 Prevlv Open Ind - On 
3 2  & LOX C/D SOV C l s  Cmd - Off 
LH2 & LOX C/D SOV C l s  
Ener - Off 
LH2 C/D SOV C l s  Ind - O f f  
LOX C/D SOV C l s  Ind - O f f  
LOX C/D SOV Opn Ind - On 
LH2 C/D SOV Opn Ind - On 
3-IVB Eng Cutoff - O f f  
LOX Tk Press Shutoff Vlvs C l s  - 
O f f  
LOX Tk Press Shutoff Vlvs 
Rst Ind - On 
L-.:2 Tk Vnt D i r  F l t  Pos - O f f  
LH2 Tk Vnt D i r  Gnd Pos - On 
T/M Prelaunch C/O drp Pwr On 
Cmd - O n  
T/M Prelaunch C/O Grp On 








































1,690 . o i l  
1,695 6r9  
1,695 825 










( s e d  
5-19 
TABLE 5-1 (Sheet 19 of 20) 
SEQUENCE OF EVENTS (5-2 ENGINE)  
KO408 
EVENT/RESULT OF COMMAND 
i ,895.159 
T/M Prelaunch C/O G r p  Pwr On 
Cmd - O f f  
T/M Cal. On 
T/M Cal. O f f  
End of Cals 
Prl Co G r p  Pwr O f f  Cmd - GL 
Prl C o  G r p  Pwr On - Ind - O f f  
Prl C o  Grp Pwr O f f  Cmd - O f f  
T/M RF G r p  X f x  Srd Mon Cmd - 
On 
Prl Co G r p  Pwr O n  Cmd - On 
Prl Co G r p  Pwr On Ind - On 
Prl C o  G r p  Pwr On Cmd - O f f  
T/M Cal. O n  
T/M C a l .  O f f  
End of C d s  
P r l  Co G r o u p  Pwr O f f  Cmd - On 
Prl C o  G r o u p  F W  On Ind - 
O f f  
"/I-! RF G r o u p  X f e i .  G r d  Mon Cmd - 
O f f  






















D I G I T A L  EVEiJT 
RECORDER (CAT 57 






































TABLS 5-1 (Sheet 20 of 20) 
SEQUENCE OF EVENTS (5-2 ENGINE) 








Eng Cont Bus Pwr Off Cmd - On 
Eng Cont Bus Pwr Ind - Off 
Eng Cont Bus Pwr Off Cmd - Off 
Eng Ign Bus Pwr Off Cmd - On 















TABLE 5-2 (Sheet 1 of 1 5 )  
SEQUENCE OF EVENTS (02-H2 BURNER) 
DIGITAL EVENT 
RECORDER 
:CAT 57) EVENT/RESULT OF C O . W D  
PCM / FM 
SEQUENCE 
(CAT 42j 
durnzr Start (TA)* 
F/M C a l i j r a t i o n  On 
I'/M Cai ibrat ion Off 
End of CALS 
r/M Prelaunch C/O Grcup .Fwr O f f  
Cmd - On 
T/id Prelaunch C/O Group 
On Ind - Off 
T/Y Pre lamch C / O  Group Pwr O f f  
Cnd - O f f  
A f t  Bus 1 Transfer I n t e r n a l  
Ind ica t ion  - On 
Aft, Bdc 2 Transfer I n t e r n a l  
Indi;atj.cn - On 
Fwd Bus Pwr Transfer I n t e r n a l  
Ind ica t ion  - O n  
Am3ient Repress Mode Sel 
Off and Cry0 On 
Burner LH2 Prop Viv ?".-.-,e 
O i ' f  
.;jw"ner LOX Shut down Valve I .  d o s e  O F "  
I 
Burr .,omatic Cutoff 
Sye .ra 
02-H2 B m r  Voting Ckt 

















~ _ _ _ _  ~ 






















TABLE 5-2 (Sileet 2 of i J )  






EVENT/RdSULT OF COMMAND 
02-F2 BRNR G92 I n l e t  Lo Temp 
Simu 1 2md - On 
3 2 - H ~  Brnr GH2 I n l e t  Lo Temp 
Xmu 2 Cmd - On 
02-H~ Brnr GH2 I n l e t  Lo 
Temp Ind - On 
LH2 & LOX Repress Amb 
Mode - On 
Amb Repress i~lodl- S e l  O f f  and 
Zryo O n  
LH2 & LOX Repress Amb 
Mode - O f f  
Burner I'ot in@; Circuit .  Enable 
Off 
02-I,2 Brnr Voting Ckt 
Enab 1:id - O f f '  
ooL;rns?r LH2 Prop Valve Closc 
O f f  
B u r n e r  LOX Shutdown Valve 
Close O f f  
LOX Tank NE;( Valve Latch 
Cpen On 
Burner LH2 3rop Vallre Open 
On 
Burner LH- Prop Valve 
Closz - Off 
BurnPr LH2 Prop Valve 
Open - On 
--- 
DIGITAL EVEflT PCM/FM 
(CAT 57) I (CAT 42) 









































TABLE 5-2 (Sheet 3 of 1 5 )  
SEQUENCE OF EVRiTS (02-H2 BURNER) 
Burner Exci te rs  On 
Burner LOX Shutdown Valve 
Open On 
Burner LOX Shutdown 
Valve Close - Off 
Burner LOX Shutd, -m 
Valve Open - On 
LH2 Tank Cont Vent Valve 
Close On 
LEI2 Tank Cont Vent 
Valve Relays Reset - O f f  
LH2 Tank Cont Vent 
Relief Override Valve 
Closed - On 
LH2 Tank Cont Vent O r f  
Bypass Valve Open - O f f  
LH2 Tank Cont Vent O r f  
Bypass Valve Closed - 
On 
Burner LH2 Prop Valve Open 
04-f 
Burner LOX Shutdown Valve 
Open O f f  
LH2 Tank Cont Veri% Valve 
Close Off 
LH2 Tank Cont Vent 
Valve Relays Reset - On 



























~ 3 8 9 ~  














0 . 392 





















TABLE 5-2 {Sheet 4 of  15)  
SEQUENCE OF EYENTS (0242 BURNER ) 
Burner Voting Circuit  Enable  
On 
Burner Automatic Cutoff 
Sys Enable On 
LH2 Tank Repress Control Valve 
Open On 
LH2 Repress Valve h e r  - 
On 
LOX Tank Repress Cont Vdve 
CQen On 
LOX Tank Repress Valve 
h e r  On 
LOX Tank Repress Cont Valve 
Open O f f  
LOX Tank Repress Valve 
h e r  O f f  
A u x  Hyd Pump F l t  Mode - Cm 
Awc Hyd Pump Flt Re1 
R s t  - Off 
A u  IIyd Pump On - Ener 
LOX Tank &press Cont Valve 
Open Off 
LOX Chilldown Pump On 
LOX Chilldown Pump Re1 
R s t  - O f f  

























177 . 576 
177 - 580 
177 665 










TABLE 5-2 (Sheet 5 of 15 )  
SEQUENCE OF EVENTS (02-H2 BURNIB) 
m890 
~ 3 8 9 0  
EVENT/RESULT OF COMMAND 
454.356 
454.494 
LH2 Chilldown Pump On 
LH2 Chilldown hrmp R e 1  
R s t  O f f  
LH2 Chilldown Pump Inv On 
LH2 and LOX Prevtalve Close 
Command - On 
LH2 Prevalve Open Indi- 
ca t ion  - Off 
LOX Prevalve Open Indi- 
ca t ion  - O f f  
LHz Prevalve Closed 
Indicat ion - On 
LOX Prevdve Closed 
Indicat ion - On 
Second Burn Relay Cn 
IJH2 Tank Flt Press  Valve 
her  - On 
LH2 Tank Step Pres Vlv 
Ener 
lpu Mixture Rat io  b.5 On 
S-IVB U11 Engine no. 1 On 
S-IVB U11 Engine R e 1  
R s t  
S-IVB U 1 1  Engine 30. 2 On 
LOX Tank Repress Cont Vlv 





































217 . 407 
217 . 523 
217 529 
217.875 















K O l l C  
217.608 
217 . 608 
217 -858 
217 . 942 
5-26 
TABLE 5-2 (Sineet 6 of 15)  
SEQUENCE OF EVENTS ( 0,-112 BURNER) 
L 
EVENT/RESULT OF COMMAND 
LH2 Tank Repress Cont Vlv 
Open O f f  
Burner LH2 Prop Valve 
Closed On 
Burner LH2 Prop Valve 
Close - On 
Burner LH2 Prop Valve 
Open - O f f  
Burner Voting C i rcu i t  Enable 
O f f  
Burner Voting C i rcu i t  
Enable - O f f  
L H 2  Tank Cont Vent Valve 
('lsse On 
LH2 Tank Cont Vent Valve 
Relays Reset - O f f  
Amb Repress Mode Sel On 
LH2 + LOX Repress Mode 
Amb - On 
LH2 Tank Cont Vent Valve 
Close Off 
LH2 Tank Cont Vent Valve 
Relays Reset - On 









































455 9 597 
455.500 













TABLE 5-2 (Sheet 7 of 15)  
SEQUENCE OF EVENTS (02-y2 BURNER) 
~ -~ 
EVENT/RESULT OF COMMAND 
Burner LOA Shut down Valve 
Close On 
Btlrner LOX Shut down Valve 
Close - On 
Bwner LOX Shutdown Open - 
O f f  
LH2 Tank Cont Vent Valve Close 
O f f  
Burner LOX Shutdown Valve Close 
O f f  
LIi2 & LOX Prevalves Close Cmd - 
O f f  (Open) 
LH2 + LOX Prevlv Close 
Ener - O f f  
LOX Prevalve Clsd Off 
LH2 Prevalve Clsd O f f  
LOX Pravalves O p s i  - On 
LH2 Prevalves Open - On 
LH2 Chilldown Pump O f f  
LH2 C/D Pmp Inv O f f  - 
Indica t ion  
LH2 C/D Pmp Relay RsL 
Indica t ion  - On 
LOX Chilldown Pump O f f  
LOX C/D Pmp Inv Indi- 





























527 0 492 
527. Le.94 
527 e695 







K O l U  






519 . 580 
519 747 
5-28 
TABLE 5-Z (Sheet 8 of IS) 
SEQUENCE OF EXENTS ( 02-H2 BURNER) 
EVFNT/RESULT OF COMMAND 
LOX C/D Pmp Relay R s t  
Ind ica t ion  
Aux Hyd Pump F l t  Mode O f f  
Awc Hyd Pump Flt R e 1  
R s t  - O f f  
S-IVB U11 Engine No. 1 O f f  
S-IVB U l 1  Engine No. 2 O f f  
S I V B  Ul1 Engine R e 1  R s t  
PU Program Mixture Rat io  O f f  
LH Tank Cont Vent O r f  Bypass 
~ a Z v e  open On 
LHz Tank Cont Vent Valve 
Relays Reset - O f f  
LH2 Tank Cont Vent Orf 
Bypass Valve Closed - O f f  
LH2 Cont Vent O r f  Bypess 
Valve Open - On 
LH2 Tank Cont Vent Relief 
Override Valve Open On 
LH2 Tank  Cont Vent Relief 
Override Valve Closed - O f f  
LH2 Tank Cont Vent Orf 




















































TABLE 5-2 (Sheet 9 of 15) 
SEQUENCE OF EVENTS ( 02-H2 BURNER) 
- .. 
EVENT/RESULT OF COMMAND 
LH2 Tank Cont Vent Relief 
Override Valve bpen O f f  
LH2 Tank Cont Vent Valve 
Relays Reset - 
LOX Tank Repress Con'; 
Valve Open On 
LOX Tank Repress Valve 
Ener - 
LH2 Tank Cont Vent Valves 
Close 5n 
LH2 Tank Cont Vent Valve 
Relays Reset - O f f  
LH2 Tank Cont Vent Relief 
Override Closed - On 
LH2 Tank Cont Vent O r f  
Bypass Open - O f f  
LH2 Tank Cont Vent Orf 
By-pass Valve Closed - On 
LH2 Tank Cont Vent Valve 
Close O f f  
LH2 Tank Cont Vent Valve 
R s t  - On 
LH2 Tank Repress Cont Valve 
Open On 
LH2 Tank Pppress Vlv Ener 
LH2 Tank Repress Vlv Ener 






















~ 0 6 9 9  




































TABLE 5-2 (Sheet LO of 15) 
SEQLZNCE OF EVENTS ( 02-H2 BURNER) 
EYENT/RESULT OF COME.’WD 
- 
LH Tank Repress Cont Valve 
Open O f f  
LOX Tank Repress Cont Valve 
Open - Off 
LH2 Latch Relay Valve Opn 
Latch Cmd - O f f  
LH2 Latch Relief Valve Open 
Latch Off 
LH2 Latch Relief Valve 
Open - On 
2 
LH2 Latch Rel ie f  Valve 
Closed Ind - O f f  
LH2 Latch Relief Valve 
Open Ind - On 
LH2 Latch Relief Valve Open 
Latch On 
LH Vents B s t  C l s  and 
Latch Relays Reset Ind-Off 
LH2 Latch Relief Valve 
Open - O f f  
LH2 Latch Relief Valve 
Open Ind - O f f  
LH2 Latch Rel ief  Valve Open 
Latch O f f  
LH2 Vents B s t  Cls and 











































TABLE 5-2 (Sheet 11 of 1 5 )  
SEQUENCE OF EVENTS (02-H2 BURNER) 
i 868 676 
EVENT/RESULT OF COMMAND 
~021. 
LH2 Latch Relief Valve 
Open On 
LH2 Latch Relief Valve 
Open Ind - On 
LH2 Latch Relief Valve 
Open O f f  
LH2 Latch Relief Valve 
Open Ind - O f f  
LH2 Latch Relief Valve 
Closed - On 
LH2 Latch Relief Valve 
Open Latch Cmd - On 
LH2 Tank Vent Valve Cmd - On 
LH2 Tank Vent Valve 
Open Ener - On 
LH2 Tank Vent Valve 
Close Ind - O f f  
LH2 Tank Vent Valve 
Open Iad - On 
LOX NPV Valve Open Latch Off 
LOX Vents B s t  Cls and 
Latch Relays Reset Ind On 
LOX M?V Valve Open On 
LOX NPV Valve Closed 
Ind - O f f  
LOX NPV Valve Open 











DIGITAL EVENT PCM/FM 
RECORDER SEQUENCE  (CAT 57) (CAT 42) 



















































TABLE 5-2 (Sheet 12 of 1 5 )  
SEQUENCE OF EVENTS ( 02-H2 RURNER ) 
~ __ ~~ ~~ 
EVENT/RESULT OF COMMAiJD 
~ ~~ ~~ ~ 
LOX NPV Valve Open Latch On 
LOX Vents B s t  Cls and 
Latch Relays Reset Ind-Off 
LOX NPV Valve Open O f f  
LOX NPV Valve Open Ind-Off 
LOX NPV Valve Open Latch O f f  
LOX Vents B s t  C l s  and 
Latch Relays Reset Ind - Or 
LOX NPV Valve Open On 
LOX NPV Valve Open Ind - 01 
LOX NPV Valve Open O f f  
LOX NPV Valve Open Ind-Off 
LOX NPV Valve Closed 
Ind - On 
LOX NPV Valve Cpen Latch On 
LOX Vents Bst C l s  and 
Latch Relays Reset 
Ind - Off 
LOX Tank Vent Valve Cmd - L?Q 
LOX Tank Vent Valve 
Open Ener - On 
LOX Tank Vent Valve 
Closed Ind - O f f  
LOX Tank Vent Valve 
























































s 3 3  
TABLE 5-2 (Sheet 13 of IS;) 
SEQUENCE OF EVENTS ( 02--H2 B'JRNER) 
EVENT/RESULT OF COMMAND 
~ ~ _ _ _ _ _  ~~ ~ _ _ _ _  ~ ~~ ~~~- 
Fvd Bus Pwr 1n-k Ind - Off 
A f t  Eus 1 Transfer I n t  Ind - Off 
A f t  Bus 2 Transfer I n t  Ind - 9ff 
T/M ?relaunch C/O Grp Pwr On 
Cmd - On 
T/M Prelaunch C/O Grp 
Pwr On Ind - On 
T/M Prelaunch C/O G q  Pwr 
On Cmd - O f f  
T!M Cals On 
T/M C a l s  Off 
End of Cals 
T/M Prelaunch C/O Grp Pwr 
Off Cmd - On 
T/N Prelaunch C/O G X ~ J  
F'wr On Ind - O f f  
T/M Prelaunch C/O Grp 
Pwr O f f  Cmd - O f f  
PU Mixture Rat io  4.5 On 
PU Open Loop Relays 
2ese.t - O f f  
PI1 Programed Mixture 
Ratio Off 
PU Open Loop Releys 
































































TABLE 5-2 (Sheet 14 af 15) 
\ SiiZXlTCE 'IF' EVENTS (0  -H BURNER) 2 2  
E\r'ENT/RESUI,T OF COMMAND 
PJ Mixture Ratio 5 . 5  On 
?U Opea LGOP Relays 
Reset - O f f  
W Programed Mix3u-e 
Ratio C f f  
PU Open L o ~ p  Relays 
Reset - On 
Eng Centre-1 Bus Pwr Off 
Cmd - On 
Eng Control Bus pkr 
Ind - Off 
Eng Control Bus Pwr O f f  
Cmd - O f f  
Eng Ign i t ion  h s  Pwr 
Off Cmd On 
Eng Ign i t ion  Bus Pwr 
Ind - O f f  
Eng Ign i t ion  Bus p#r 
O f f  Cmd - O f f  
Engine C u t o f f  O f f  
Eng C u L o f f  Ind Swsel - Off 
Eng Cutoff Ind - O f f  
LOX Press Heat Exchq Bypass 
IUv Enab On 
Eng Pump Purge Control Vlv 

















































S E Q U E X E  
(CAT 42) 
5-35 
TABLE 5-2 (Sheet 15 of 15) 
SEQUSNCE OF EVENTS (02-H2 BURNER) 
I 
EVFNT/RESULT OF COMMAND 
--- 
PU Programmed X i x t u r e  
Rat;? O f f  
L??- F i r s t  Burn R e 1  O f f  
LH2 Second Burn O f f  
LH2 V e n t  and Latch R e l i e f  
V l v s  B s t  C l s  O f f  




T/M C a i ,  Crf 
PT Level Sensors Arm O f f  









































b. ENGINE SYSTEM 
The S-IVB-SC.9 stage acceptance f i r i n g  w a s  performed with an uprated 
(230,000 lbf t h r u s t )  Rocketdyne engine S/N 2124 (figure 6-1) mounted on 
t h e  stage. 
designed f o r  5-2 engine S/N 2088 rand subs and described i n  t h e  Rocketdyne 
configurat ion r epor t  (R-5788). 
acceptance test program on 18, 19, and 21 September 1967. 
performance demonstration was achieved i n  three test f i r i n g s  w i t h  an 
accumulated dura t ion  of  349.8 sec.  
performance t a g  values were es t ab l i shed  as follows: 
The engine w a s  manufactured i n  t h e  configurat ion base l ine  
The manufacturer conducted the engine 
The necessary 
As a result of these  tests the  engine 
Thrust (F) 227.020 lbf 
Engine mixture r a t i o  (FMR) 5.509 
Spec i f i c  impulse (ISP) 424.0 sec 
The tag d u e s  w e r e  established with a LOX flowmeter constant of 
5.6240 cycles  per  ga l lon  (cpg) and 
1.8797 cpg. 
diameters of 0.276 in .  for LOX and 0.485 in .  f o r  LH2. 
equipped with a 1-sec start tank discharge valve timer i n  t h e  engine 
control .  
performance . 
LH2 flowmeter constant of 
The gas generator  feed system contained o r i f i c e s  with 
The engine was 
None o f  the  o the r  modifications s i g n i f i c a n t l y  affected 
6.1. Engine Chilldown and Conditioning 
6.1.1 Turbopump Chilldown 
Chilldown of t h e  engine LOX and LH2 +,urbopumps was adequate t o  provide 
t h e  conditions required f o r  proper engine start. 
chilldown operat ion is  presented i n  paragraphs 1.4 mci 8.3. 
An analysis of the 
6.1.2 Thrust Chembei Chilldown 
The th rus t  cham'jer sk in  temperature ( f igu re  6-2) was 236 degrees R a t  
engine start cmmand, w e l l  wi th in  t he  engine start requirements of 235 
- +75 degrees R. 
tures were comparable t o  those on previom acceptance tests (table 6-1) 
except S-IVB-508 which had an abnormally slow c h i l l .  
t ransien;  ?,uillup cha rac t e r i s t i c s  were sa t i s f ac to ry ,  as shown i n  
figure e-?. 
:he rate of chilldown w a s  normal, and the terminal tempera- 
The LH2 pump start 
6.1.3 Ekgine S t a r t  Sphere &illdoam an8 Loading -- 
C h i l l d o n  and loading of the  GH2 start sphere ( f i g ~ ~  6-4; mzt require- 
ments f o r  encine s t a r t  (figure 6-5). 
R / m i s  ~'rorr sphere pressurizat ion t o  engin5 start command. 
data from three S-IVB stages are c o ~ p r e d  i n  table 6-2. 
The wamup rate averaged 2.0 degrees 
Signif icant  
6.1.4 Star t  Tank Refi l l  Performance 
Figure 6-6 shc.ws the ref i l l  performance of t h e  J-2 engine start tank 
during the S-IVB-509 stage acceptance f i r i n g .  
tank discharge, the  start tank conditions (1351 p s i a  and 269 de$ R) were 
within the safe strart envelope. 
(STDV) opened, t he  GHz discharged through the turbines  as shown i n  
figure 6-6. 
the temperature a d  pressure were 176 deg R and 142 ps i a ,  respect ively,  
at ESC +1.50 sec.  
i ts  lowest temperature (immediately after fuel lead) the  ref i l l  w a s  
p rac t i ca l ly  an exact reversal of the  discharge. 
lower temperature hydrogen from the  LH2 pump discharge s t a r t i n g  at ESC 
+7.64 sec.  The topping WL terminated when start tank temperature 
reversal occurred at the  i n i t i a t i o n  of  heatup. 
944.643 S C C )  t h e  t a n k  3resswL cad temperature were 1,156 ps i a  atid 
201.9 deg R ,  resgeTtively.  
pressure and temperature t o  increase t o  the required level for start. 
Immediately p r io r  t o  start 
When the  start tank discharge valve 
"he discharge was completed and the ref i l l  i n i t i a t e d  when 
Except f o r  t h e  i n i t i a l  period when t h e  inJec tor  was at 
The tank w a s  topped with 
_ .  
A t  t h i s  t i m e  (ESC 
Environmental heat ing caused t h e  start tank 
Figure 6-7 shows the  restart c a p a b i l l t y  of t h e  engine based on a 
Rocketdyne-determined c r i t e r i o n .  
(ESC +61.134 s e c )  w a s  1,185.0 p s i a  as compared t o  a minimum allowable of 
950 ps i a .  
safe start envelope; at  engine cu tof f  command, t h e  pressure and tempera- 
ture were 1,357.1 p s i a  and 241.7 deg R.  The pressure  reached the  relief 
valve s e t t i n g  (1,357 p s i a )  during t h e  f i r i n g .  
The start tank pressure at STDV +60 sec 
A t  ESC +76.143 sec ,  t h e  start  tank conditions w a s  within the  
6.1.5 Engine Control Sphere Chilldown and Loadin4 
The engine cont ro l  sphere conditioning w a s  adequate ( f i g u r e  6-8), and a l l  
objec t ives  we7e s a t i s f a c t o r i l y  accomplished. S ign i f i can t  engine cont ro l  
sphere performance data from four S-IVB s tages  are compared i n  table 6-3. 
6.2 5-2 Engine Performance Analysis Methods and Instrumentstion 
Engine performance for the  acceptance f i r i n g  w a s  ca lcu la ted  'sy use of 
computer program PA63. 
w a s  ca lcu la ted  by computer program PA49. 
revised techniques and t h e  latest Rocketdyne c o r r e l a t i o n s ,  w a s  used t o  
compute start and cu tof f  t r a n s i e n t  performance. 
was vsed t o  determine propel lant  consumption during burn; program UT23 
w a s  also - s e d  t o  analyze and study engine component performance. 
descr ip t ion  of the  operation and a comparison of t h e  results of these 
programs is presented i n  t a b l e  6-4. 
w i t h  t.he appl icable  biases, are shown i n  table 6-5. 
The average performance during given i n t e r v a l s  
Computer program PA53, x t i l i z i n g  
Computer program G l O 5 - 1  
A 
Data inputs  t o  t h e  computer p rogrms ,  
6.3 5-2 Engine Performance 
The engine performance was sa t i s f ac to ry .  P l o t s  of s e l ec t ed  d a t a  showing 
engine c h a r a c t e r i s t i c s  are presented i n  figures 6-9 through 6-13. 




The 509 acceptance tes t  demonstrated both closed loop and open loop 
operation. 
valve w a s  commanded t o  the  f u l l  open (4.5/1.0 EMR) pos i t ion .  
+410 sec, this commad was removed and t h e  valve went t o  t h e  n u l l  pos i t i on  
fo r  t h e  remainder of t h e  f i r i n g .  This test a l s o  provided engine per- 
formance da ta  at 5.5/1.0, 5 . O / l . O ,  and 4.5/1.0 mixture r a t i o s  f o r  use 
i n  f l i g h t  pred ic t ion .  
A l l  engine performance parameters ind ica ted  nominal engine performance 
immediately prLor t o  and during engine cu tof f .  
A t  ESC +350 sec ,  t h e  PU system w a s  deact ivated ar,d t h e  PU 
A t  ESC 
Ctrtoff was i n i t i a t e d  by t h e  f ie1 deplet ion senscxs. 
The engine t a g  performance l e v e l  at ESC +60 sec as determined by com- 
puter  program PA63 (Past-641 deck) was as follows: 
DAC Rocket dyne 
Run 
t o  
R U l  -Paranieter Acceptance Acceptance Difference 
Thrust ( l b f )  224,664 226,214 -1,549 22,216 
Mixture r a t i o  5.494 5 521 
22.46 
20.03 -0.027 
0.0 Speci f ic  ibpulse  ( s e c )  424.2 424.2 
These values are comparable, within t he  run-to-run devia t ions ,  t o  t he  
5-2 engine acceptance r e s u l t s .  The composite values for steady-state  
performance are shown i n  table 6-6. 
Flow i n t e g r a l  m a s s  ana lys i s  ind ica ted  t h a t  187,383 l b m  of LOX and 
36,866 l b m  of LH 
cutof f  command. 
90 percent performance le-re1 (ESC +3.630 s e c )  t o  engine cu tof f  (ESC 
+455.335 s e c )  i s  presented i n  table 6-6. 
w i t h  mixture r a t i o  is  s h o d  i n  figure 6-14. 
were consumed between engine start command and engine 2 
Tine o v e r a l l  stage average performance from t h e  
The v a r i a t i o n  of s p e c i f i c  impulse 
The t o t a l  impulse generated from engine start command t o  engine cu tof f  
command ( f u e l  deple t ion)  was 95.53 x 10 
less than the predicted t o t a l  impulse of 96.43 x 10 
0.93 percent deviat ion is w i t h i n  t h e  pred ic t ion  accuracy of one percent.  
The 4.113 sec d i f fe rence  between t h e  ac tua l  (ESC +k55.335 s e c )  and pre- 
d i c t ed  (ESC +459.448 s e c )  deplet ion tines i s  also within t h e  p red ic t ioc  
accuracy. 
6 l b  sec.  This w a s  only s l i g h t l y  
6 lb sec .  The 
6.3.1 S t a r t  Transiznt 
The 5-2 engine start t r a n s i e n t  was s a t i s f a c t o r y .  
performance is presented i n  t he  following table: 
A summary of engine 
Parameter 
Acceptance 
F i r ing  Log Book 
Time t o  90 percent performance l e v e l  (secon8-s) 
Time of start tank discharge cmmand (seconds) 
ESC 1.3.630 ESC 1.3.500 
ESC +1.130 ESC +1.000 
Thrust at  90 percent performance level ( l b f l  167,826 187,667 
149,808 175,014" Tot a1 impulse ( lbf-sec ) 
"Based on s t a b i l i z e d  t h r u s t  a t  n u l l  PU and standard a l t i t u d e  conditions 
Thrust buildup t c  the  93 percent performance l e v e l  (STDV +2.5 seconds) 
w a s  within the max imum and minimum thrust  bands as shown i n  figure 6-15. 
The a c c e p t a c e  f i r i n g  t o t a l  impulse was 25,206 lbf-sec lower than the 
value given i n  the log  book. This  was due t o  a slow t h r u s t  r ise  rate 
during t h e  second stage travel of t h e  main oxidizer valve.  This s l o w  
rise rate w a s  a l s o  evident on t h e  S-IVB-508 acceptance firing. 
6.3.2 - Steady S t a t e  Performance 
The 5-2 engine performed s a t i s f a c t o r i l y  during t h e  steady-state portion 
of engine burn. 
was less than 0.7 percent. 
crifference i n  predicted and a c t u a l  cutback times ( r e f e r  t o  sec t ion  11) 
and t h e  difference i n  predicted and a c t u a l  engine responses after cutback. 
Average performance values for t h e  acceptance f i r i n g  steady-state ope m- 
t ion  are presented i n  f igu re  6-16 and compared w i t h  predicted performance 
values i n  table  6-6. 
quring closed ?U valve operation, performance deviation 
Overall Reviations were a result of t h e  
Engine t h r u s t  var ia t ions  during t h e  acceptance f i r ing a r e  presentea i n  
table 6-7. 
h i s to ry  anA t o  Contract End Item (CEI) t h r u s t  va r i a t ion  l i m i t s  f o r  f l i g h t ,  
These limits do not apply t o  acceptance f i r i n g  performance and are 
presenteA f o r  reference only, 
f l i g h t  e f f e c t s  on s tage operation. 
They are compared t o  the  predicted acceptance f i r i n g  t h r u s t  
The t h r u s t  va r i a t ions  w i l l  be modified by 
Thrust va r i a t ions  during four  periods 
6-5 
of engine operat ion are presented i n  f igu re  6-17 am discussed i n  the  
following paragraphs: 
a. The t h r u s t  va r i a t ions  during hardover, o r  m a i m u r n  engine mixture 
r a t i o  operat ion (EM% = 5.5) were within t h e  CEI l i m i t s  f o r  
normal engine operation. 
f r o m  CEI spec i f ica t ions . )  Normal operat ing t h r u s t  v a r i a t i o n s  
during t h i s  period of  engine burn are caused by s t a b i l i z a t i o n  
of t h e  engine and by stage perturbat ions,  including the  e f f e c t s  
of v a r i a t i o n s  i n  propel lant  supply environmental conditions 
(Engine performance s h i f t s  are excluded 
b. Thrust va r i a t ions  during t h e  t r a n s i e n t  period from closed loop 
PU valve cutback +75 seconds to open loop PU valve cutback were 
within t h e  CEI l i m i t s  f o r  normal engine operation. 
va r i a t ions  during t h i s  period were caused by s t a b i l i z a t i o n  of 
t he  engine after cutback and can be d i r e c t l y  linked t o  movements 
of t h e  PU valve. qata derived from t h e  acceptance f i r i n g  w i l l  
air! i n  t h e  f l i g h t  c a l i b r a t i o n  of t h e  PU system i n  oriler t o  more 
accurately p red ic t  t h e  t h r u s t  v a r i a t i o n  during t h i s  cutback 
t r a n s i e n t .  
The t h r u s t  
c. Thrus t  v a r i a t i o n s  w e r e  a l s o  examined during t h e  periods of  
4.5/1*0 EElR and 5,0/1.0 EMR open loop operation. 
valve was i n  a fixea pos i t i on  during these i n t e r v a l s ,  t h e  t h r u s t  
v a r i a t i o n s  ?cr ing these times were compared t o  t h e  required 
l i m i t s  during f u l l  close? PU valve operation. 
were also within CEI l i m i t s .  
Since t h e  W 
These v a r i a t i o n s  
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6.3.3 Cutoff Transient 
The t i m e  l apse  between engine c u t o f f ,  as received a t  t h e  5-2 engine, and 
t t r u s t  decrease t o  11,500 lbf  was within the  m a x i m u m  allowable +Vune of 
800 rns f o r  t h e  acceptance f i r i n g  as shown i n  t he  following teble: 
Faramet er 
Acceptance 
F i r ing  Log Book - 
Time of t h r u s t  decrease t o  11,500 l b f  (ms) 3 48 
Measured t o t a l  impulse ( Ibf-sec)  37 , 539" 31,763 
To ta l  impulse corrected t o  n u l l  (-2.0 deg) 38,476 31,763 
541 
PU valve pos i t i on  ( lbf-sec)  
Tota l  impulse corrected t o  0 deg F ** 32,988 
oxidizer  valve s k i n  temperature ( lbf -sec)  
*PU valve at -0.76 deg 
**Valve skip.  temperature da t a  not ava i l ab le  
The t h r u s t  decay t i m e  f o r  t h e  acceptance f i r i n g  w a s  g rea t e r  than  t h e  log 
book value,  and the  cutoff  t o t a l  impulse w a s  correspondingly higher than 
t h e  log book value. For t h i s  firing, t h e  t o t a l  impulse was corrected t o  
n u l l  PU valve pos i t i on  so t h a t  a direct comparison would be made t o  t h e  
log book value. 
valve sk in  temperature s ince  t h e  measurement was not ava i l ab le ;  however, 
t h i s  cor rec t ion  would be approximately -4,500 lb-sec f o r  an acceptance 
test s ince  the MOV temperature should be about 355 deg R .  
assumption, t he  corrected t o t a l  impulse would be within 988 lbf-sec of 
the log book value. Figure 6-18 presents  t h e  data. for t h e  t h r u s t  chamber 
pressure cu tof f  t r a n s i e n t  , t h e  accumulated cutoff  impulse, and the  cu tof f  
t h r u s t  t o  t h e  11,500 lb f  level. 
It w a s  not poss ib le  t o  accura te ly  cor rec t  to 0 deg F LOX 
Based on t h i s  
6.4 Engine Sequencing 
The engine sequencing was s a t i s f a c t o r y  throughout t h e  acceptance f i r i n g  
and compatible with the engine l o g i c  and the  acceptance f i r i n g  test  plan.  
However, as i n  pas t  acceptance tests, t h e  sequence times d i f f e r  i n  many 
respec ts  from t h e  values quoted i n  t h e  log book. 
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Most of the disagreements between measured and log  book values are 
ins ign i f i can t  and may be ascr ibed t o  smpl i i lg  rate e r r o r s  or t c  t h e  
e f f e c t s  of t he  l i q u i d s  tha t  are present  during t h e  acceptance f i r i n g  
but absent during log book testing. Almost a l l  event times were 
obtained from t h z  hardwire because t h e  sampling rate w e 3  b5 t t e r  than 
for TM. 
Figure 6-19 presents  the engine start sequence f o r  t h e  acceptance f i r i n g ;  
t a b l e  6-8 presents  t h e  time of s i g n i f i c a n t  events during t h e  f i r i n g  and 
compares them with t he  nominal values.  
6.5 Ccmponent Operat ion 
6.5.1 Main LOX Valve 
The main LOX valve opened s a t i s f a c t o r i l y  during the acceptance f i r i n g .  
The opening time data are as follows: 
It em 
Acceptance 
F i r ing  - Speci f ica t ion  -
F i r s t  stage travel (ms) 50 225 46 
Second s t age  t r a v e l  ( m s )  1,825 275 1,788 
F i r s t  p la teau  (ms) 510 +70 547 
To ta l  t i m e  (ms) 2,385 2170 2,381 
The above valve opening t imes were within spec i f i ca t ions  for t h e  
acceptance tes t .  
mately 15 ms longer than t h e  maximum spec i f ied ;  however, t h i s  d id  not 
cont r ibu te  t o  any s i g n i f i c a n t  reductioil i n  cu tof f  t r a n s i e n t  performance. 
The valve c los ing  time was 150 ms vhich was approxi- 
6.5.2 PU Valve 
A t  engine start command, t h e  PU valve was at -1.60 deg ( n u l l )  which was 
within t h e  -2 22 deg l i m i t  . PU a c t i v a t i o n  occurred at ESC +6.166 aec. 
The PU valve went t o  t he  high EMR pos i t i on  where it remained u n t i i  PU 
cutback at  ESC ~ 1 9 6  sec as shown i n  f igu re  6-13. 
r a t i o  (m) was properly cont ro l led  t o  t h e  required reference of 5.0/1.0 
following cutback. 
The engine mix+,ure 
Also t h e  PU valve went t o  t h e  f u l l  open pos i t i on  when commanded t o  do so 
during the open loop por t ion  of t h e  t es t .  
removed t h e  valve returned t o  near n u l l  pos i t ion .  
When t h e  full open command was 
Pump performance 
ind ica ted  by the 
was normal throughout t h e  tes t .  The s t a l l  margin as 
c h a r a c t e r i s t i c  head versus f l o w  curve i n  f i g u r e  6-3 w a s  
normal. 
responded c h a r a c t e r i s t i c a l l y  t o  PU system cutback and excursions. 
s tage  pressure and speed data are presented i n  figure 6-10. 
The pump also performed s a t i s f a c t o r i l y  during mainstage and 
Main- 
6.5.4 LOX p~mp 
LOX p u p  performance w a s  s a t i s f a c t o r y .  
pressure and temperature responded 50 PU system cutback and excursions 
and a l s o  t o  engine inlet conditions.  The pressure and temperature 
increases  across  the pump were sa t i s f ac to ry .  Performarice p r o f i l e s  
i nd ica t ive  of the pump operation are shown i n  f i g u r e  6-10. 
LOX pump speed and discharge 
6.5.5 Turbines 
Performance of both LH2 ma LOX tu rb ines  was s a t i s f a c t o r y .  
ar,d pressures  for both tu rb ines  responded as e q e c t e d  t o  PU system cut- 
back m d  excursicas.  




The LH2 tur'Jine inlet twnperature ( C O O O l )  was i n  
Pressure and temperature drops ac rc s s  t he  tu rb ines  
Performsnce p r o f i l e s  are presented i n  figure 6-10. 
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6.5.6 Gas Genera.%or 
The gas generator ( G G )  performance was adqquate. 
and LH 
a f t e r  EMR cutback. 
and 6-20. 
The GG ch;l_.sber pressure 
tu rb ine  i n l e t  temperature ind ica ted  nominal vaiiie-33 before  and 
P lo t s  of GG performance are shown i n  figure;  6-10 
2 
6.5.7 Engine Driven HyLmulic FUnp 
The engine driven hydraulic pump Ferformed s a t i s f t x t o r i l y  during t h e  
acceptance f i r i n g .  
start  was 5.36. 
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Figure 6-1. J-2 Engine System and Instrumentation 
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7. O X I D I Z E R  SYSTEM 
The oxidizer system functioned adequately, supplying LOX to the engine 
pump inlet within the specified limits. The net positive suction pres- 
sure (NPSP) available at the LOX pump inlet exceeced the engine 
manufacturer's minimum requirement at all times. 
7.1 Pressurization Control 
The LOX tank pressurization system (figure 3-1) satisfactorily maintained 
pressure in the LOX tank throughout the acceptance firing, and all 
portions of the system performed withln the design requirements. 
7.1.1 Prepressurization 
LOX tank prepressurization and the two pressure makeup cycles before 
simulated liftoff (SLO) were accomplished f r o m  the ground support equip- 
ment (GSE) cold helium supply (figure 7-1). Subsequent to this, the LOX 
tank pressure increased from 39.5 to 41.7 psia due to an ullage volume 
decrease (caused by the common bulkhead depression and stage geometric 
changes that occur during LE2 tank prepressurization) and to the helium 
purges of the vent valve and the LOX tank ullage pressure sensid line. 
In the course of simulated boost, the ullage pressure decayed to 
38.6 psia causing a cold helium-sphere-supplied makeup cycle. 
sure decay was caused by cooling ullage gas which resulted from heat 
transfer with the colder common bulkhead. 
This pres- 
Significant LOX tank prepressurization data w e  compared with that from 
two previous acceptance firings in table 7-1. 
The L- < tank pressurization system performance was satisfactory during 
engine operation (figure 7-2) and campwed rea8ollebbly we11 with that 
from previous stages. 
The cold he1J.m shutoff valves were opened a t  ESC -2.7 seconds. increasing 
the  u l l age  pressure f r o m  38.4 p s i a  t o  momentary relief at  43.1 p s i a  by 
engine start command. 
During the last  230 seconds of burn t h e  regulatior.  l e v e l  displayed a 
s l i g h t l y  e r r a t i c  nature.  
durat ion and approximately 10  p s i a  amplitude occurred. 
compensation of t h e  regula tor  appears t o  be t h e  reason f o r  t h i s  behavior. 
No correc t ive  ac t ion  appears necessary a t  t h i s  time. 
The Level was steady but  o s c i l l a t i o n s  of long 
Slight over- 
Following enablement of the  heat exchanger corAtrol  valve,  at ESC +21 
sec ,  overcontrol  flow was required 10  times to maintain t h e  u l l age  pres- 
sure  within the  range of 38.4 t o  39.7 psia during t h e  f i r i n g .  
of overcontrol cycles  was g r e a t e r  than usua l  due t o  the  reduced range of 
t h e  pressure cont ro l  band. 
The number 
The S-IVB-508 stage LOX tank pres su r i za t ion  system data are compared with 
t ha t  from the S-IvB-506N and 507 acceptance f i r i n g s  i n  table 7-2. 
7.1.3 02-H2 Burner Repressurization 
LOX tank repressur iza t ion  w a s  performed durin,s a tes t  u t i l i z i n g  the  02-H2 
burner and pressurant  helium from t h e  cold helium spheres. 
f i l l e d  t o  a nominal second start level and prepressurized t o  34.2 p s i a  t o  
simulate the burner i n l e t  conditions expected during burner start and 
subsequent repressur iza t ion .  
s i g n i f i c a n t  data are compared t o  t h a t  f’rom previous f i r i n g s  i n  table 7-3. 
Data are a l s o  presented i n  sec t ion  10. 
The tank was 
The tank conditions axe shown i n  figure 7-3; 
7.1.4 Ambient Repressurization 
After burner repressur iza t ion ,  the  ambient r ep res su r i za t ion  tes t  was 
performed. 
simulate the load expected during o r b i t a l  restart. 
presented i n  figure 7-4, 
The LOX tank was loaded t o  approximateip 68 percent t o  
The test da t a  w e  
7-2 
The ambient repressurizat ion system performance during t h e  S-IVB-509 
acceptance test 1s compared with t h a t  during t h e  507 and 508 acceptance 
tests i n  table 7-3. 
includes the flow through the p i l o t  bleed por t  of the helium shutoff 
valves. This p i l o t  bleed flow, which amounts t o  about 6% of t h e  t o t a l  
usage, i s  dumped overboard by venting d i r e c t l y  from the ambient repres- 
sur iza t ion  module. 
The value f o r  helium usage 'shown i n  t h i s  table 
7.2 Cold Helium Supply 
The cold helium spheres were tt, source of t h e  pressurant f o r  both propel- 
l a n t  tanks during 02-H2 burner operation and f o r  the  LCX tank during 5-2 
engine operation. 
The system performance during t h e  02-H2 burner f i r i n g  i s  discussed i n  
paragraph 10  . 4 
During 5-2 eq,ine operation, demands on t h e  cold h e l i m  system were normal 
and adequately m e t .  
command w a s  w e l l  within t h e  start requirement of 2,600 - +600 psia .  
cold helium sphere pcessure transducers (90016 and D0248) were not on t h e  
stage, the cold helium manifold pressures  ( ~ 0 2 6 1  and D0263) were used f o r  
system evaluation. 
sphere pressure (2,775 psia; st engine start 
Since 
Data are pretwnted i n  f i g u r e  7-5 and table 7-4. 
7.3 5-2 Heat Ikcharuzer 
The 5-2 heat exchanger f'unctioned s a t i s f a c t o r i l y  ( f igure  7-6), 
exchanger pressuresg temperatures, helium flowrates and heat input rate 
are consis tent  with pas t  experience. 
LOX tank diffuser temperature were comparable t o  previous test data. 
Table 7-5 compmes s ign i f i can t  509 acceptance data with t h a t  from two 
previous acceptance f i r i n g s .  
The heat 
The MIX vent inlet pressure and t h e  
7-3 
7.4 LOX FWp Chilldown 
The LOX pump chilldcwn system performance was adequate. 
comand, t h e  NPSP a t  t h e  LOX pump i n l e t  was abet-e t h e  minimum 11.9 p s i  
required a t  t ha t  time. 
t i o n s  a r e  presented i n  f igu res  7-7 and 7-8; s i g n i f i c a n t  chilldown system 
data & e  compared w i t h  507 and 508 data I n  t a b l e  7-6. 
A t  engine start 
The r e s u l t s  of t h e  chilldown performaace calcula- 
The chilbdowr. pump was started at SLO -289.3 seconds i n  order t o  simulate 
conditions during t h e  fligl-!: countdown. The chilldown shutoff  valve was 
lef t  open u n t i l  ESC +411 secmds .  
For t he  ca lcu la t ion  of heat input  t o  t h e  LOX chilldown system, t h e  normal 
refereme temperature f o r  s ec t ion  1 (tank t o  engine pump i n l e t )  is  the 
chilldown pump discharge temperature (~01.63). 
Since ~01.63 was not i n s t a l l e d  
on 509, t h e  LGX bulk temperature (COOhO)  was used with a bias far 
construct ing t h e  chilldown pump discharge temperature. 
7.5 Engine LOX Supply 
The LOX supply system (figure 3-1) deltvered the  necessary quant i ty  of 
LOX t o  the engine pump i n l e t  throughout the engine firing and maintained 
t h e  pressure and temperature conditions within a range that provided a 
LOX pump NPSP above the minimum requirements. 
performance are presented i n  figure 7-9 and are compared with t.hat f'roln 
two previous acceptance f i r ings i n  table 7-7. 
The datru ant? t h e  ca lcu la ted  
During engine operation, the LOX pump i n l e t  pressure and t a p e  
near t he  predicted values. Both were p l o t t e d  i n  t h e  engine LO!. . 9 
operating region (figure 7-10) and showed t h a t  the LOX pump i n l e t  condi- 
t ions were s a t i s f a c t o r y  throughout engine operation. 
.re were 
I n  figure 7-11, t he  LOX pump i n l e t  temperature i s  p l o t t e d  against  t h e  
mass remaining i n  t h e  tank during engine operat ion and compared t o  t h e  
7-4 
507 and 508 acceptance f i r i n g  data. The data used for c c ~ p a r i s o n  have 
beer: biased t o  the  LOX pump i n l e t  temperature observed at  engine start 
command of t h e  S-ID-509 acceptance f i r i n g  t o  co r rec t  f o r  instrumentation 
e r r o r ,  differences i n  heat ing during p res su r i za t ion ,  and o ther  tes t - to-  
tes t  va r i a t ions  
7-5 
T A B E  7-1 
LOX TANK P!EPESSURIZATION DATA 
Paramt - * 
~ ~~ ~- 
Prepres.:nri zation 41lrakion (see) 
Nunber of cycles before SIQ 
Number of cycles after SIX? 
Prepressurization helium 
Average flowrate (lbm/sec) 
Mass added t o  UIX  tank during 
prepressurization* (Ibm) 
Xass added to LOX tank during 
makeup cycles before SUI (Ibm) 
Mass aMe8 to  LOX tank during 
nakeup cycles after SUI ( I h )  
A t  prepressurization 
init iat ion (psia) 
A t  prepressarization 
t e d n a t i o n  (psia) 
A t  engirs start corrun-~rl (psia) 
3llage pressure 
cvents (sec f r o m  SLO) 
Prepresswization init iat ion 
Prepressurization terraination 













-164 . aW 
-153 .oO 














511 . 693 












-150 . 83 
511 . 756 
9 noes not include arii nakeup cycles. 
7-6 
TABLE 7-2 
LOX TAP!! PXSSUPJZATION 9ATA 
Taraneter 
'Juqber of overcontrol  cycles* 
:-?inLzm (ps i a )  
:!axim% (ps ia )  
Jllage pressure 
A t  p r e s su r i za t i  
?ressure  con t ro l  ban5 
n in5 t i  
~~ ~ 
ti n (psia) 
( ps ia )  
:tinimm during start t r a n s i e n t  (p s i a )  
At engine start commar\d 
A t  engine cutoff cornand (ps i a )  
?ressurant  helium 
overcontrol  f l owmte  (lbm/sec) 
Undercontrol flawrate (Iwsec) 
Usage before engine start  (~h) 
Usage after engine start (lh) 
svents (see from engir start  cmmarw~) 
LOX fligl? t pressur iza t ion  i n i t i a t e d  




















































































































Simulated l i f to f f  ( p s i a )  
,%ice start command ( p s i a )  
LL ine  cutoff  camand (psia) 
Atrerage temperature 
SimuLated lif%off (deg; R) 
Engine start command (deg R) 
E s i n e  cutoff  command (deg R )  
H e l i u m  mass 
Engine start command ( l b m )  
Engine cr3off command ( l b m )  
H e l i u m  consumption 
Calculated from sphere 
conditions ( l b m )  
Calculated Frau flowrate 




































5-2 HEAT EXCHANGZR DATA 
Pa rave te  r I S-IVB-509 
Low rat e through heat exchanger 
During overcontrol (lbm/sec) 
During undercontrol (lbm/sec) 
,at exchanger o u t l e t  temperature 
A t  end of 50-sec t r a n s i e n t  (Aeg fl) 
Turing overcontrol (deg R) 
quring undercontrol (deg 8 )  
A t  engine cu tof f  cormand (deg 3) 
?at exchanger ou t le t  pressure 
Turing overcontrol  (p s i a )  
During undercontrol (p s i a )  
rerage LOX vent i n l e t  pressure 
During overcontrol (ps ia )  





































LOX CHILLDOWN SYSTEM PERFORMANCE DATA 
Parameter 
NPSP 
A t  engine start command ( p s i )  
Minimum required at start (psi)  
A t  opening of prevalve ( p s i )  
Pump i n l e t  conditions 
b e s s u r e  at engine start command 
( p s i 4  
Temperature at engine start 
command (deg R) 
2 2 3  Average flow c o e f f i c i e n t  ( s ec  / i n  ft ) 
Heat absorption rate (Btu/hr) 
Sect ion 1 (tank t o  pump inlet) 
Sect ion 2 (pump i d e t  t o  bleed valve)  
Sect ion 3 (bleed valve t o  tank) 
Tota l  
Chilldown f lowrate  
Unpressurized (gpm) 
Pressurized (gpm) 
Chilldown system press-me LifferenLcm 
Unpressurized ( g p )  














































Table 7-6 (Continued) 
Parameter 
Events ( sec  from s h u i a t e d  liftoff) 
Chilldown i n i t i a t i o n  
Prepressur iza t ion  
Prevalve open command 
Prevalve closed s i g n a l  dropout 
Prevalve open s i g n a l  pickup 
Delay between p r e v d v e  open command 
and pickup of open s i g n a l  
Engine start command 


















922 . 2 











L9X PUMP INLET CONDITION DATA 
Parameter 
Pump i n l e t  conditions 
S t a t i c  pressure at engine start 
command ( p s i a )  
Temperature at engine start 
command (deg R )  
Temperature at engine cu tof f  
command (deg R )  
NPSP requirements at pump i n t e r f a c e  
Minimum at  engine start command ( p s i )  
A t  high EMR ( p s i )  
A f t e r  EMR cutback ( p s i )  
NPSP ava i l ab le  at pump i n t e r f a c e  
A t  engine start command ( p s i )  
Maximum during f i r i n g  (2si) 
Time of max imum ( sec  from engine 
start coslmand) 
Minimum during f i r i n g  ( p s i )  
Time of minimum (sec from engine 
start cammand) 
A t  engine cu tof f  cammcand (psi) 
LOX feed duct 
A t  high EMR 
Pressure drop ( p s i )  
Flowrate (lbm/sec) 
After EMR cutback 
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Figure  7-1. LOX Tank Prepressurisation 
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F i g u r e  7-2. LOX Tank Preaaurl.mt1on System Performance (Sheet 1 of 2) 
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Figure 7-6. J-2 Heat Exchanger Performance i Z h t &  1 of 2) 
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8. FUZL SYSTEM 
The fue l  sys t ez  perfomed as expected 
within t h e  l i m i t s  define2 i n  t h e  engir-e spec i f i ca t ion .  
an2 sappl ied LH2 t o  t h e  engine 
8.1 Pressur iza t ion  Control 
The LE2 tank p res su r i za t ion  system (figure 3-1) adequately cont ro l led  
LH2 tank ullage pressure during prepressur iza t ion  , throughout t h e  f i r i n g ,  
and during t h e  r ep res su r i za t ion  periods.  
8 . 1.1 Prepres s u r  i z a t  ion  
The LH2 tank w a s  s a t i s f a c t o r i l y  prepressurized w i t h  he l iuz  from ground 
support equipment (GSE) console B. 
su r i za t ion  data; table 8-1 compares t h e  S-IVB-509 data with t h a t  from 
507 and 508 stages. 
slower on 509 than on 507 and 508 because t h e  supply pressure,  measure- 
ment D0792, w a s  s i g n i f i c a n t l y  lower (figure 8-1). 
terminated Cy ac tua t ion  of t h e  con t ro l  pressure switch at SLO -43.1 
seconds. 
of ambient heaticg wtil it reached a level of 32.1 ps ia .  
the ullage pressure s t a b i l i z e d  as a r e s u l t  of t he  relief a c t i o n  of  t he  
l a t ch ing  vent valve ana remained e s s e n t i a l l y  constant u n t i l  engine s t a r t  
command. 
Figure 8-1 presents  t h e  prepres- 
The rate of prepressur iza t ion  w a s  s u b s t m t i a l l y  
Prepressurizat ion w a s  
A f t e r  p repressur iza t ion ,  t h e  ullage pressure increased because 
A t  t h i s  po in t ,  
8.1.2 Pressur iza t ion  
During enqine operat ion,  t he  LH2 tank p res su r i za t ion  w a s  s a t i s f a c t o r i l y  
accomplished 'cy GiI2 bleed f r o m  the  5-2 engine ( f igure  3-1). 
are presented i n  f igu re  8-2 and compared with data from t w o  previous 
acceptance f i r i n g s  i n  table 8-2. 
The data 
In  order  t o  exerc ise  all system components i n  both burn modes, C Q I i t r O l  
was t r ans fe r r ed  from %he first burn pressurization mde t o  t he  second 
burn p res su r i z s t ion  aode at ESC 9350 seconds. Since the  pressure switch 
range i s  t h e  same f o r  both modes (28 t o  31 p s i a ) ,  system performance did 
not  devia te  becsuse of t h e  change t o  the  second burn pressur iza t ion  mode; 
however, a programmed cutback of engine mixture r a t i o  t o  4.5:1, which 
also occurred at ESC +350 seconds, d id  a f f e c t  c e r t a i n  performance 
parameters. To preclude t h e  p o s s i b i l i t y  of loss gf  NPSP near  t h e  end of 
t h e  f i r i n g  because of bulk heating, s t e p  pressur iza t ion  w a s  i n i t i a t e d  at 
ESC +410 seconds. 
5 . O : l  and resulted i n  another s i g n i f i c a n t  change i n  pressur iza t ion  system 
performance. 
This  w a s  coincident w i t h  t h e  EMR being returned t o  
The LH2 tank ullage pressure w a s  above the  3G.& p s i a  pressure switch 
pickup l e v e l  throughodt t h e  f i r i n g .  Microswitch ta lkback ind ica ted  tha t  
t h e  l a t ch ing  vent valve w a s  p a r t i a l l y  open and venting from ESC 4-4 seconds 
t o  ESC +241 seconds and again suosequent t o  LH2 tank s t e p  pressur iza t ion  
during t h e  per ioa  froE ECC -37 seconds to ECC +36 seconds. 
vent and re l ief  valve w a s  p r r t i a l l y  open and venting from ECC -14 seconds 
t o  ECC +3 seconds. 
Also, t h e  
8.1.3 02-H2 Eurner Repressurization 
The 0 2 4 2  burner w a s  u t i l i z e d  f o r  LH2 tank repressur iza t ion .  
test, t h e  tank w a s  f i l l e d  t o  a rsdral secny.2 c t z +  l e v e l .  R I ~ I T - D ~  ztc;-t 
command w a s  followed 3y a 6.89-second lac ‘t;c=iore the  i n i t i a t i o n  of 
repressur iza t ion ,  i n  order t o  provide higher  burner chamber pressure (and 
improved combustion s t a b i l i t y )  during the start t r a n s i e n t .  
conditions are shown i n  f igure  8-3; s i r c l i f i can t  data are compared t o  
previous stage data i n  table 8-3. 
is presented i n  sec+ioc  10. 
For t h e  
The LH2 tank 
Additional,  more detailea discussion 
The LH2 tank -allage p r e s s m e  rise rate w a s  21 percent higher than t h e  
t h e o r e t i c a l  rate of  3.25 psi/min t h a t  w a s  based on a constant-Q burner,  
a constant helium flowrate, and an assumed constant  burner helium i n l e t  
temperature of 40 deg R ( t h e  same reference condi t ions used for previaus 
acceptance f i r i n g  evaluat ions)  
t h e  a c t u a l  t o t a l  energy of t h e  helium at  t h e  burner o u t l e t  t o  t h e  LJi2 
tank w a s  29 percent higher than t h e  t h e o r e t i c a l  t o t a l  energy ca lcu la ted  
by assuming t h e  temperature of t h e  hel iun at t h e  burner i n l e t  t o  be 
40 d s g  R. 
occurs between t h e  cold helium spheres and t h e  02-H2 burner i n l e t .  
During t h e  S-IVB-509 burner operat ion,  
The 29 percent increase  w a s  due t o  t h e  ambient heat ing tha t  
T h i s  l a rge  amount of ambient heat ing is  an expected condition during 
acceptance t e s t i n g .  
Under i dea l  condi t ions,  -ny heat ing above t h e  reference should be 
r e f l ec t2d  by a corresponding percentage increase i n  t h e  pressur iza t ion  
rate above t h e  t h e o r e t i c a l .  The a c t u a l  and t h e o r e t i c a l  values do not 
agree because t h e  boundary co rd i t i ons  vaq- s l i g h t l y  and because LH2 b o i l -  
off does not actual17 terminate when p res su r i za t ion  i s  i n i t i a t e d .  
8.1.1; Ambient H e l i u m  Repressurization 
;I- u - . w ~ i i  t h e  S-IVB-509 st3ge is equipped with an 02-H2 burner,  t h e  
ambient helium repressur iza t ion  system w a s  retained as a redundant sys- 
t e m .  It was tested p r i o r  t o  t h e  509 5-2 f i r i n g .  
'=he LH2 tank w a s  s a t i s f a c t o r i l y  repressurized from the  five ambient 
helium spheres. Data and performance levels are presented i n  figure 
8-4 and compared t o  S-IVB-507 and 508 data i n  table 8-3. 
8.2 LH2 Tank Vent and Relief Operations 
The LH2 %ank ullage pressure was maintained a t  an acceptable level 
throughoct t h e  acceptance f i r i n g .  
8.2.1 LH2 Tank Vent and Relief Valve Perfcrmance 
Tk LH2 tank vent and relief valve and t h e  l a t ch ing  valve performed satis- 
fac3ori ly .  
both of t h e  valves re l ieved  from s h o r t l y  after simulated l i f t o f f  t o  EMR 
cutback. 
and valve ta lkbacks indica3ed t h a t  the  valves remained p a r t i d l y  open 
m t i l  after engine cutoff  command. 
The LH2 tank u l l age  pressure p r o f i l e  i nd ica t e s  t ha t  one o r  
Both valves re l ieved  s h c r t l y  after LH2 tank s t e p  pressur iza t ion ,  
8.2.2 Vent Operations During Simulated Cgast 
The continuous vent system (CVS) w a s  operated for approximately 24 minutes 
p r i o r  t o  02-H2 burner repressur iza t ion .  Both the  CVS nozzles and t h e  
nonpropulsive vent (NPV) o r i f i c e s  were removed, and a manifold system 
conducted t h e  vented GH2 t o  t h e  f a c i l i t y  burn pond. 
ullage pressures  maintained during t h e  per iod,  t h e  flow of GH2 through 
t h e  manifo7-d ( t o  atnospheric back pressure)  w a s  unchoked; however, 
choked flow a t  the vent e x i t s  w i l l  occur during ac tua l  o r b i t a l  coast  
conditions.  
t h e  CVS or  NPV i s  r e f l e c t e d  i n  t h e  pressure data from both systems 
( f igu re  8-5). 
A t  t h e  LH2 tank 
Due t o  t h e  common manifold system, venting through either 
Continuous venting w a s  i n i t i a t e d  by opening the relief overr ide valve 
and allowing t h e  continuous vent regula tor  (CVR)  t o  open. 
i n i t i a t i o n  t h e  ullage pressure decayed f r o m  31.7 t o  27.5 p s i a  i n  
50 seconds, y ie ld ing  a pressure  decay rate of 5.3 psilmin. 
cons is ten t  with t h e  decay rates of  4.9 and 5.1 psi/min noted on 507 and 
508 stages, respect ively.  
w a s  closed. The CVS bypass orifice w a s  opened at CVS i n i t i a t i o n  p lus  
57 seconds, and t h e  CVR w a s  opened at CVS i n i t i a t i o n  p lus  113 seconds. 
A nominal CVS regula t ion  level of 20.7 p s i a  w a s  established. 
After CVS 
T h i s  i s  
A t  50 seconds after CVS i n i t i a t i o n ,  the  CVR 
8 .3  LH2 Pum~ Chilldown 
The LH2 pump chilldown system perfcrmed adequately. 
command t h e  n e t  p o s i t i v e  suc t ion  pressure (NPSP) a t  t h e  LH2 pump i n l e t  
w a s  above the  4.5 p s i  required.  
i n  f igures  8-6 and 8-7; the  S-IVB-509 acceptance test data are compared 
i n  table 8-4 w i t h  da t a  from t w o  previous acceptance f i r i n g s .  
A t  engine start 
The chilldown system data are presented 
The chilldown system operat ion w a s  i n i t i a t e d  at SLO -299.2 seconds. 
System performance l e v e l s  compared w e l l  with those  of previous S-IvB/V 
acceptance f i r i n g s .  During unpressurized chilldown, t h e  l i q u i d  i n  the  
system w a s  subcooled t o  a poin t  between t h e  engine p m p  i n l e t  and t h e  
chilldown system re tu rn  l i n e ;  t h e  system became e n t i r e l y  subcooled 
during prepressurizat ion.  
u n t i l  s h o r t l y  before engine cutoff command (ECC -45 seconds ) . 
The chilldown shutof f  valve w a s  l e f t  cpen 
For t h e  ca lcu la t ion  of heat input  t o  sec t ion  1 (tank t o  pump i n l e t )  o f  
t h e  LH2 chilldown system, t h e  reference temperature is  t h e  chilldown 
pmp discharge temperature (C0157). Since t h i s  measurement w a s  not  
i n s t a l l e d  on S-IVB-504N and subsequent stages, t h e  LH2 bulk temperature 
(COO52) p lus  a 0.3 degree R bias was subs t i t u t ed .  
l i shed  from previous acceptance f i r i n g  data.  
The b i a s  was estab- 
8.4 Engine LH2 Supply 
The LH2 supply syrtem (figure 3-1) delivered the  necessary quant i ty  of 
LH2 t o  t h e  engine pump i n l e t  during engine f i r i n g  and maintained t h e  
pressure and temperature condi t ions within a range t h a t  provided an LH2 
pump NPSP above t h e  minimum requirements. 
performance are presented i n  figure 8-8. 
S-IVB-509 stage recorded data and ca lcu la ted  performance data w i t h  t h a t  
from previous Saturn V acceptance f i r i n g s .  
The data and t h e  ca lcu la ted  
Table 8-5 compares t he  
During engine opera t ian ,  t h e  LH2 pump i n l e t  temperature and pressure 
were very near the  predicted values. 
pressure at se l ec t ed  tir.es during engine operat ion were p l o t t e d  i n  the 
engine LH2 pump opeyating regicn (figure 8-9) and showed t h a t  t h e  engine 
i n l e t  conditions were m e t  s a t i s f a c t o r i l y  throughoirt engine operation. 
The LH2 pump i n l e t  temperature and 
Figure 8-10 i s  a p l o t  of t h e  pump i n l e t  temperature as a function of  t he  
propel lant  mass remaining i n  the  LH2 tank and includes S-IVB-507 and 508 
da ta  comparisons. 
pump i n l e t  temperature observed at engine start commarld of t h e  S-IVB-509 
acceptance f i r i n g  t o  co r rec t  for instrumentation e r r o r ,  d i f f e r e n t  heat ing 
during p res su r i za t ion ,  and other t e s t - to - t e s t  var ia t ions .  
The previous test  d a t a  have been biased t o  t he  LH2 
Post- tes t  inspect ion disclosed t h a t  t h e  lower fuel duct vacuum annulus 
contained approximately 97 percent hydrogen and 3 percent helium. 
Fur ther  i nves t iga t ion  aft& t h e  lower duct had been removed 
a crack i n  t h e  lower bellows o f t h e  lower duct. This failure i s  similar 
to that which was observed during the 508 acceptance test and during the 
MSFC battleship testing. 
indi~ce6 by fatigue resulting f r o m  bellows response to t h e  LH2 flowrate 
at 4.5 EM!?. 
revealed 
I t  i s  presently felt that the cracks were 
Investigation i s  continuing i n  an effort to verify th is .  
TABLE 8-1 
LH2 TANK P.WPRESSURIZATION DATA 
Prepressurizat ion durat ion (see) 
Helium mass added (lbrn) 
Ullage pressure 
A t  prepressurizat ion i n i t i a t i o n  (psia) 
A t  prepressurizat ion terminatio: ( p i a  
A t  simulated l i f t o f f  (p s i a )  
A t  engine start command (ps ia)  
Rate of increase after prepr.: t s J r i za -  
tion (psi/min) 
1 Events (sec from simulated l i f t o f f )  
Prepressurizat ion i n i t i a t i o n  
Prepressuriza3ion termination 



































W2 TANK PRESSURIZATION 9ATA 
Parameter 
Pressure switch sett ing 
F i r s t  Burn 
Lower (ps i a )  
Upper ( P s i 4  
Second Burn 
Lower (ps i a )  
Upper (ps i a )  
Ujlage pressure 
A t  engine s tar t  comand ( p s i a )  
A t  s t e p  pressur iza t ion  (ps i a )  
A t  engine cu tof f  command (psia) 
GH2 pressurant f lowrate  
Overcontrol--high ENR (lbm/sec) 
Overcontrol--low EMR (lbm/sec) 
Undercontrol--high EMR (lbm/sec) 
Undercontrol-low EXR (lbm/sec) 
S tep  pressur iza t ion  (lbm/sec) 
Tota l  GH2 added (lbm) 
Events (sec from simulated liftoff) 
Second burn mode i n i t i a t i o n  
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TABLE 8-4 
LII2 RECIRCULATION CHILLDOWN DATA 
Parameter 
NPSP 
A t  engine s t e . 3  command ( p s i )  
Minimum required at start ( p s i )  
MaxLmum during chilldown ( p s i )  
2 2 3  AveL-age flow coe f f i c i en t  ( s e c  / i n  ft ) 
b e l  qua l i t y  i n  sections* 2 aud 3 
(lb gas/lb mixture) 
Maximum-unpressurized chilldown 
A t  prepressurizat ion i n i t j  a t i on  
Fuel pump i n l e t  conditions 
S t a t i c  pressure at  start (ps ia)  
Temperature at start (deg R) 
Amount of subcooling at start (deg R) 
Heat absorption rate 
Unpressurized chi'ldown 
Section* 1 (Btu/hr)  
Sections" 2 and 3 (Btu/hr) 
Total  (Btu/hr)  
Pressurized chilldown 
Section" 1 (Btu/hr)  
Section" 2 (Btu/hr)  
Section" 3 (Btu/hr)  
Total  (Btu/iir) 
Chilldown f lowat  e 
Unpressurized (gpm) 


























































"Section 1 i s  tank t o  pump i n l e t ;  sec t ion  2 is pump i n l e t  t o  bleed. valve; 
sec t ion  3 is bleed valve t o  tank. 
8-9 
Table 8-4 (Continued) 
Parameter 
Chilldown pump pressure d i f fe ren t ia l .  
Unpressurized ( p s i )  
Pressurized ( p s i )  
Events ( sec  from simulated 
Chilldown i n i t i a t e d  
Prevalve closed 
Prepre s B u r i  z at i on 
Prevalve opened 
Chilldown pump o f f  
Engine start command 
Chllldown shutoff  valve 




7 . 6  






















-94 . 1 
510.2 
5i1.2 
922 . 2 
511 7 
TABLE 8-5; 
LH2 P U P  INLh3 CONDITION DATA 
Paramet z r  
~ ~ ~~ ~~ 
Pump i n l e t  conditions 
S t a t i c  pressure a t  engine start 
command ( p s i a )  
S t a t i c  pressure at. engine cu tc f f  
command ( p s i a )  
Temperature at engine st art 
command (deg R! 
Temperature at  engine cu tof f  
command (deg R )  
YPSY requirements at  pump i n t e r f a c e  
Minimum at engine start command ( p s i )  
A t  high EMR ( p s i )  
After EMR cutback ( p s i )  
NPSP available at pump i n t e r f a c e  
A t  engine start command ( p s i )  
M a x i m u m  ( p s i )  
Minimum ( p s i )  
A t  engine cu tof f  command ( p s i )  
LH2 suct ion duct 
A t  high EMR 
Pressure drop ( p s i )  
Flowrate (lbm/sec) 
After EM? cutback 
I Pressurr  drop ( p s i )  
F l m r a t e  lbm/sec) I 
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9. PNEUMATIC CONTROL AND PURGE SYSTEM 
The pneumatic cont ro l  and purge system (figure 3-1) performed adequately 
during t h e  acceptance f i r i n g .  A l l  c cqonen t s  functioned properly. The 
tes t  r e s u l t s  are summarized and compared w i t h  previous acceptance f i r i n g  
data i n  table 9-1. 
9.1 Ambient H e l i u m  Supply 
In order t o  simulate ac tua l  f l i g h t  conditions the stage w a s  i so l a t ed  
from t h e  ground support equipment (GSE). 
closed 349.1 seconds p r i o r  t o  simulated coast  and reaained closed during 
t h e  cc.iitinuous venting period and both the  burner and ambient helium 
repressurizat ion operations. 
seconds and remained closed through 5-2 engine operation. 
‘Ithe helium supply valve w a s  
The valve w a s  a lso  closed a t  SLO -7.8 
9.2 Pneumatic Control 
A l l  engine and s tage pneumatic cont ro l  valves responded properly through- 
out the  terminal countdown, simulated coast ,  02-H2 burner operation, 
ambient repressurizat ion,  and 5-2 engine operation. 
During a period of simulated coast  the pressure decay of  t he  cont ro l  
helium sphere was higher than normal because of t h e  high bleed rate t h a t  
accompanies actuat ion 0 ’  the  l a t c h  i n  t h e  LH2 l a t ch ing  vent and relief 
valve. The l a t c h  i n  t he  LH2 l a tch ing  vent and relief v d v e  remained 
actuated from’BSC -358 seconds t o  BSC +826 seconds. 
A revised ca l ib ra t ion  spec i f i ca t ion  resulted i n  a nominal regula tor  
lock-up l e v e l  of 510 ps ig  (525 ps ia  on t h e  gmun4) as opposed to  the  
previous lock-up level of 535 psig. Operating data rturlng t h e  tes t  
( f igure  9-1) ind ica te  t h e  change was e f f ec t ive  i n  holAing regula tor  
discharge pressure t o  a reasonable Level. 
The normal system pressure dmps t h a t  r e s u l t  f r o m  regulator operation 
Awing  5-2 enqine and 02-H2 burner operation are  shown i n  figures 9-1 
and 9-2, respectively.  
9-1 
9.3 Ambient Helium Purges 
Wring the acceptance f i r ing  all stage purge functions that u t i l i z e  
stage pneumties were sat i s factor i ly  accomplished. 
was isolated f r o m  the CSE &wing the periods of simulated coast and 
engine firing, discontinuing those purges that were f a c i l i t y  supplied. 
Table 3-2 l i s t s  the flowrates of  the various purge orifices. 
The pneumatic system 
Ln 
3 
. * * I l n r l 3 m  I r-.=t C J O  
2% OAO! 
* * 
I \Dm mcu 
I cum cum 
lnln lnln 
0 2  m 
a m  m 
L n L n  ln 
0 .  . 




I 0 '  0 
I 3  0 





1 %  m I I  I O  t I  I -  
.=r 
0 .  . 
0 0  0 
I c u  0 
I n  0 
Ln L n  
A n 
cu cu 
I I  I O  







o m  c u m  n o  d 
0 4  o m  . .  . I n  
















- E  
9-3 
* * * * * 
I \DLn m d  I 0 0  m(u  I 0 m r l  I 3-3 3.4- I \o I A-a oc- . .  lnLn Lnln 0 .  . e  
\DLn ULn 0 0  
I t -  \D ti I a3 (u I \D 
ti I 3 Ln I 3 I N  rl . e Ln Ln 
P- t- 0 
0 0 0 Ln 0 Ln cu n u  3 3 
0 In Ln 2% 
. 
e e 
( u r l  rl 
0 d o  
m a  a rl 
. .  
l m  3- u3 I Ln 0 
rl I ch 0 
e 3 ln 





C In 0 Ln m 0 . cu 00 o\ 0 Ln . . 3 3 3 0 m u  U o m  ch 
at- r- l-l 























I I 1 LONTIIOL WELIUM MASS (CALCULATED) 
L I . -  .-. -- - 1- - .. . __. - - - --. .- .- - - - I 














CONTROL’ HELIUM kASS (CA 
600 
5.00.- 
-200 -1 00 0 1 00 200 300 4 00 500 
TIME FRQM BURNER START COMMAND (SEC) 
Figure 9-2. Pneumatic Control System Conditions 
During 02-H2 Burner Operation 
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10. OXYGEN-HYDROGEN BURNER SYSTEM 
The 02-H2 Surner (figvre 3-11 was acceptance tested p r i o r  t o  the S-IVB- 
509 stage acceptance f i r i n g .  The 509 tes t  differed from previous 
acceptance tests i n  two w a y s .  
operations were terminated by pickup of t h e  Lii2 f l i g h t  cont ro l  pressure 
switch, whereas t h e  506~, 507, 508, and 509 burner operations were not.  
I n  addition, t he  burner w a s  operated twice during t h e  506N and 507 
acceptance tests--the first time t o  repressurize  t h e  LII2 ani LOX tanks,  
and t h e  second t o  show the burner restart capab i l i t y  f o r  ul laging pur- 
poses. 
The S-IVB-S03N, 5 0 h ,  and 505N burner 
On S-IVB-$08 and 509, however, the burner was operated only once. 
10.1. Burner Performance 
The burner performed s a t i s f a c t o r i l y  during t h e  460 seconds of operation. 
The LH2 tank w a s  repressurized 177.3 seconds after burner start, and t h e  
LOX tank repressurizat ion w a s  terminated approximately 0.2 seconds later.  
Performance data. are presented i n  figures 10-1 through 10-4. 
10.2 LH2 Tank Rewessurizat ion 
The LH2 tank pressurant started flowing 6.9 seconds after burger start 
command. 
i n  170.k seconds, for an average rate of 3.92 psi/min. 
The LH2 tank u l lage  was then pressurized from 19.0 t o  30.2 p s i a  
The 3.92 psi/min repressurizat ion rate was 0.67 psi/min higher than the 
theo re t i ca l  rate based on an adiabat ic  repressur iza t ioa  process, u t i l i z i n g  
40 deg R helium. 
result of t h e  r e l a t i v e l y  warm temperatures of t h e  cold keiiurc 
As on t h e  508 burner, t h e  ambient heating on the S-IhB-509 tul 
than on t h e  507 burner due t o  d i f f e ren t  cold helium sphere conditicns on 
t h e  various tests. 
The higher t h a n  theore t ic& pressurizatla-ii rate, xas t h e  
?res. 
w a s  l e s s  
The LH2 tank repressurizat ion c o i l  o u t l e t  temperature and pressure and 
t h e  helium flowrate are shown i n  f igure  10-2 and fur ther  discussed i n  
paragraph 8.1.3. 
acceptance f i r i n g s  is  presented i n  table 10-1. 
A comparison of 0242 burner performance durir,g three 
10.3 LOX Tank ReFressurization 
The LOX tank pressurant started flowing 7.1 seconds af";er burner start 
command. The LOX tank ul lage was then repressurized from 34.2 t o  37.2 
p s i a  i n  170.4 seconds, fo r  an average rate of 1.06 psi/min. 
for t he  4.64 p s i a  head due t o  t h e  LOX load during ground t e s t i n g ,  t h e  
ul lage pressure was kept low enough t o  arovide a burner LOX supply 
pressure range of 38.8 t o  41.8 psia.  
5 0  compensate 
The t o t a l  average LOX tank repressurizat ion heat flux ( t h e  heating of 
t h e  LOX tank pressurant gas from t h e  40 deg R reference base t o  the  
burner LOX r ep res swiza t ion  o u t l e t  temyerature) w a s  49,100 Btu/hr. 
Ambient heating ( t h e  heating of t h e  LOX tank pressurant gas from the 
40 deg R reference base t o  the  burner i n l e t  temFerattrre) contributed 
approximately 10,300 Btu/hr t o  t h e  t o t a l  LOX tank repressurizat ion heat 
flux. As 
heating and t h e  LOX repressurizat ion heat flux were comparable t o  those 
on previous acceptance tests. 
required for LOX tank repressurizat ion.  
result of the cold helium sphere temperatures, t h e  ambicnt 
Approximately 4.4 lbm of helium were 
At repressurizat ion termination a spike occurred i n  t h e  LOX repressuriza- 
t i o n  c o i l  outlet. pressure,  measurement D0228, due t o  an increase i n  the  
back pressure of t h e  cold helium supply system. 
because t h e  LH2 repressurizat ion valves closed shor t ly  before (0.2 
second) the  LOX ;epressurization valves. 
The increase occurred 
The helium flowrate and t h e  LOX tank repressurizat ion c o i l  o u t l e t  
temperature and pressure are shown i n  figure 10-3 and are fu r the r  
discussed i n  paragraph 7.1.3. The 509 acceptance f i r i n g  LOX tanh 
i .$pressurization prformance i s  compared with 507 and 508 acceptance 
performance i n  table 10-1. 
10.4 Cold Helium Supply 
The cold helium spheres p rodded  an adequate amount of helium for 
cryogenic repressurizat ion.  
before and during burner operation were as expected and are shorn 
i n  f igure 10-4. The systen: performance is  cmpared with previoue 
acceptance tes ts  i n  table 10-1. 
The temperature and pressure profiles 
10.5 Pilot Bleed Flowrate 
The burrer helium SA x f f  valves u t i l i z e  a p i l o t  bleed system wbich 
diverts approximately 0.004 Ibm/sec of the total cold helium flow 
passing through each module and dumps it downstwan of the burner 
exit orifices.  
the  S-IVB-507 and 508 tests i n  table  10-1. 
This p i l o t  bleed flow is compared with that during 
TABLE 10-1 
0242 B U m R  PE-rlFOR4ANCE DATA 
Para%@ ter 
Duration of burner operation 
F i r s t  burn 
Second burn 
Lag i n  pressurant flow after burn 
in i t i a t ion  (sec) 
Cold helium supply 
I n i t i a l  pressure (psia) 
I n i t i a l  average temperature (deg R) 
I n i t i a l  mass (lbm) 
Consumption during burner 
operation ( h n )  
m e P  propellant supply during 
repressufiaation period 
LH2 supply pressure range (psia) 
Lox =PPU P=s== ranw (ps i4  
LH2 tank pressurization 
Ullage volume (cu ft) 
Initial pressuxe (psia) 
F i n a l  pressure (psia) 
Average pressurization rate 
[ p s i b n )  
Total average hea:? .ransfer 
rate* (Btu/hr) 
Ambient heating rate* of 
pressurant gas (Btuhr)  
Pressurant helium through 
burner (ltan) 
Pmssurant helim through valve 
pi lo t  bleed (lbm) 






































18 . ?I 
* Measured fmm 40 deg R reference base 















LOX tank prcssurizatim 
ullage volume (cu f t )  
I n i t i a l  pressurn (psia) 
F i n d  pressure (psia) 
Average pressurizat im rate (psi/min) 
Total average heat input rate* f r o m  
burner (Btu/hr) 
Ambient heating rate* of presswant 
gas (Btu/hr) 
Pressurant helium through burner (lbm) 
Pressurant helium through valve p i l o t  
bleed (lbm) 
Total helium required (lbm) 
2.w 
0.7l 
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11 . PROPELLANT UTILIZATION SYSTEM 
The propel lant  u t i l i z a t i o n  (PU) system generally performed s a t i s f a c t o r i l y  
during the acceptance f i r i n g ,  however, a minor anomaly with a s t i cky  
PU valve compromised the  valve h is tory .  
f u l l y  accomplished based upon a desired common propel lant  load of 193,273 
lbm LOX and 38,000 lbm LH2. 
i n t e g r a l  method were 191,619 lbm and 37,785 lbm, respectively.  The PU 
indicated LOX and LH2 masses were 0.84 percent and 0.70 percent higher 
than the  flow i n t e g r a l  derived masses. 
Propellant loading was success- 
The LOX and'LH2 masses obtained by the  flow 
The PU indicated LOX mass w a s  0.02 percent less than the desired LOX 
loading and the PU indicated LH2 m a s s  was 0.13 percent g rea t e r  than the  
desired LH2 load. 
the  volumetric method, were respect ively,  0.78 percent g rea t e r  and 0.74 
percent grea te r  than the  flow i n t e g r a l  method derived mass. 
as determined by the  flow i n t e g r a l  method w a s  0.86 percent and 0.57 
pexcent lower than the  desired load f o r  LOX and LH2, respectively.  
The LOX and LIi2 Zull load masses, as determined by 
Loaded mass 
The PU system operated i n  a closed-loop mode f o r  most of the  s ing le  
burn f u l l  duration f i r i ng .  
EMR posi t ion (4.5:l.O) was commanded a t  350.4 sec followed by a command 
to  the n u l l  posi t ion (5.0:l.O) a t  410.1 sec where i t  remained u n t i l  
cutoff .  
5.O:l.o was u t i l i z e d .  
than predicted. 
cutback t r ans i en t  was approximatelv 0.6 deg higher than predicted.  
However, an open-loop excursion t o  the low 
During the closed-loop operation a reference mixture r a t i o  of 
Closed-loop valve cutback occurred 10.7 sec  la ter  
The steady-state valve pos i t ion  following the  closed-loop 
The open-loop excursion resu l ted  i n  an LH2 depletion cutoff .  
ing  propel lant  masses at cutoff were 4.222 lbm LOX and 919 lbm LH2. 
The resu l t -  
Engine th rus t  var ia t ion  were w e l l  within the  f l i g h t  t h rus t  va r i a t ion  
l i m i t s  derived f o r  the Contract End I tem (CEI) spec i f ica t ion .  
11.1 PU System Calibratior. -- 
The nominal S-IVB-509 pre-acceptance mass sensor ca l ib ra t ion  da ta  were 
e 
determined from previous acceptance. f i r i n g  r e su l t s .  
The propel lant  mass a t  t h e  upper  and lower ca l ib ra t ion  pc in t  was 
determined from calculated unique tank volume da ta  and predicted propel- 
l a n t  dens i t ies .  The capactiance a t  the  lower end was determined from the 
vendor's sensor a i r  capacitance and average f a s t  d ra in  da ta  from previous 
acceptance f i r i n g s .  
The LOX sensor capacitance a t  the  f u l l  imsursion point was determined 
from the vendor's a i r  capdcitance and mean d a t a  accumulated from LOX 
sensor f u l l  immersion t e a t s  conducted on S-IVB-207, 208, 209, 503N, and 
504N. 
determined from t F e  S-IVB-209, 504N, 505N, and 506 immersion test r e s u l t s  
and vendor's air  capacitance 
The LOX and LH2 PU ca l ib ra t ion  da ta  are presented i n  the following table:  








282 1 2  
1186 . 69 
972.52 
LOCATION I 
Top of inner  ele- 
ment . 
Bottom of inner  
element. 
Top 02 inner  ele- 
ment 
Bo t tm of inner  
element . 
11.2 PU Mass His-tory 
The flow in t eg ra l ,  volumetric, and PU indicated methods were uerd t o  
evaluate the  acceptance f i r i n g  propel lant  f u l l  load and ma88 history, 
however, only the flow i n t e g r a l  method w i l l  be used to  r e c a l i b r a t e  the 
PU system f o r  f l i g h t .  
The flow i n t e g r a l  method cons is t s  of determining the  m a 8  flowrate of 
LOX and LH2 and tn t eg ra t ing  as a €unction of time t o  obtain t o t a l  
consumed mas8 during f i r i n g .  Flow i n t e g r a l  mase valuer are b u d  611 the 
analyds of engine fluwmeter da ta ,  t h r u s t  chamber pressure,  engine 
influence equations, and engine tag values. 
The i n i t i a l  f u l l  loaa mass, using the flow i n t e g r a l  method, i s  determined 
by adding the propellant res idua ls  a t  engine cu to f f ,  the f u e l  preasurant 
added t o  t h e  u l lage,  and p r o p e l l m t s  l o s t  t o  boi lof f  t o  the t o t a l  mass 
consumed. 
The PU volumetric masses were derived from raw PU probe output data  
computed according t o  volumetric ca l ib ra t ion  s lopes and volumetric 
nonl inear i t ies .  The ca l ib ra t ion  slopes (lbm/pf) were computed from 
capacitance propel lant  mass re la t ionships  a t  the upper and lower probe 
active element extremit ies .  
was calculated from unique tank volume determined from task measurements 
and propellant density.  
The prcpel lant  mass a t  thePo extremities 
The PU indicated method measures propel lant  mass from the raw PU probe 
output . 
Table 11-1 presents the propellant mass h i s to ry  f o r  s a l i e n t  times during 
the  acceptance f i r i n g .  
11.2.1 Propellant Loading 
Propellant loadlng waa accomplished automatically by the loading computer. 
Desired, indicated,  volumetric, and flow i n t e g r a l  I u l l  propellant loada 
a t  ESC are presented i n  t ab le  11-1. 
The deviation between the desired and flow i n t e g r a l  masses were within 
6.86 percent and 0.57 percent f o r  LOX and LH2 respectively.  
11.2.2 Propellant Residuals 
Propel lan t  res idua ls  were computed at Engine Cutoff Command (ECC) using 
both the  PU mass sensors and the  res idua l  point  level sensors.  
1. :eel sen8ora i n  each tank (LOO17, L0018, and LOO19 i n  the  LH2 tank, and 
L0014, L0015, and LOO16 i n  the LOX tank) were act ivated during the 
f i r i n g  and were used f o r  reaidual  analyeie. 
Three 
Level sensor reeiduals  were computed using the  engine consumption da ta  
( G l O 5  progran) t o  extrapolate  from l e v e l  sensor ac t iva t ion  t o  engine 
cutoff.  
aensora f o r  each propel lant  tank. 
cutoff are the weighted average residuals  of the point level sensor and 
PU mass 8en8or res idua l  data. 
A statist ical  average res idua l  wae computed f o r  the  point l e v e l  
The f i n d  res idua l  mame8 at  engine 
Table 11-2 contains a tabulat ion of PU volumetric, l e v e l  sensor, and 
weighted average data.  
average da ta  were 4,222 lbm and 919 lbm i'or LOX and LH2, m jpec t ive ly .  
The residuals  a s  determined from the weighted 
11.2.3 PU Efficiency 
PU ef f ic iency  is  determined by expressing the usable res idual  propellants 
at  depletion as a percentage of the  t o t a l  propellant load. 
residuals  were not optimized t o  include the e f f e c t e  of the open-loop 
demonstration. Total  s tage  propellant consumption rates (determined by 
engine and s tage  flowrate evaluation) a t  engine cutoff  were 387.8 J.bm/sec 
f o r  LOX and 78.6 lbm/aec f o r  LH2. 
The planned 
The combined PU ef f ic iency  (open- and clotied-loop) was 99.82 y o r c e t r t .  
The planned usable res iduals  were 2,512 lbm of LOX and 0 lbrn of LH2; 
The actual extrapolated res idua ls  r e s u l t  with no remaining usable LK2 
and 2918 lbm usable LOA remaining. 
Actual LH2 depletion would have occurred a t  ECC i-2.223 z x .  
11.3 - PU Sya-tern Response 
PU system closed-loop mixture r a t i o  valve cutback occbtred at  196.7 sec 
which was 6.7 sec l a t e r  than the  predicted c*Atbacic t h e  of 190.0 z c .  
Following valve cutback the  actual valve h i s t c r y  s e t t l e d  a t  a Pteady-state 
valve 2osi t ion which was approximately higher thisu pcc .~c ted .  
The 4.5 EMR ON command was given a t  ESC +450.0 sec, w i t h  PU valve mve- 
ment noticed 0.8 aec l a t e r .  The PU valve took 2.6 sec t o  t r a v e l  drom 
the  5.0 EMR posi t ion t o  t h e  4.5 EMR posi t ion,  which waa about 1.2 see 
longel: than expected. 
indicate8 t h a t  the LOX flow torque on the PU valve was g rea t e r  than 
expected. 
w a s  noma1 which ind ica tes  t h a t  the PU e lecr ronic  assembly and PU motor 
were operating normal. 
the 4.5 EMR ON command. 
with PU valve mwement noticed Q.4 eec later.  Return to the  5.0 EMR 
posi t ion w a e  within 1.0 eec which is as predicted. 
t he  PU eyetem wae cperat ing n o m 1  and t h a t  the  PU valve w a a  no t  
This increased t i m e  to  reach the low EMR s top  
Slewing of che valve to  the 5.5 EMh, posltim at PU a c t i v a t e  
No s t i ck ing  of the PU valve was noticed p r i o r  t o  
The 4.5  EMR OFF commaad water given at 410.0 m c  
This indicated t h a t  
8 t icking . 
Operation for  the remainder of the burn was  a t  the 5.0 EMR position. 
The BU valve level  w a s  approximately 1.0 dag higher than predicted 
indicating higher flaw torques than expected. 
A reconstruction of t he  PU valve history w a s  not made, however, the 
cutback t i m e  deviations and valve position s h i f t  during the t ransient  
have been determined using flow integral  r e su l t s .  
The following table  summarires the deviations between the actual  and 
predicted PU v d v e  posit ion h is tor ies  based upon the flow in tegra l  resu l t s  




Tank/%nsor Mismatch (6-105) 
Tag Valves and Fngine 
Environment (6105)  














- 6 . 0  
Total +3.5 i-1.3 I I 
The summation of deviatioas listed i n  the above table  would increase the 
predicted cutback t i m e  by 3.5 sec and increase the mean value of mixture 
ratio valve position by 1.3 deg. 
11.3.1 PU Cutback DetEtatians 
11.3.1.1 Loading Conmuter Deviation 
b d i n g  computer deviations are the difference between the  PU system 
iadicated loads at ESC and the  desired PU system indicated loads at ESC. 
The loading deda t i ens  were -41 lbm LOX (-0.021 percent) and 4-48 lbm LH2 
(+. 125 percent) . These deviations were within acceptable loading errors 
of +3.0 percent. The combined e f fec t  of these loading computer deviations 
decxeased cutback t h  by 7.0 sec. 
a f t e r  cutback was not affected by these loadin$ computer dwiations. 
The mean level of tLe valve position 
11.3.1.2 Flow Integral  Mass/Capecitance Calibration Deviation 
Calibration deviations are the difference between PU indicated loads and 
flow integral  loads during burn. 
percent LOX and M.705 percent W .  
iO.010 percent LOX and +0.003 percent Ltfa. 
ESC and 3CC were +0.851 percent LOX and 59.702 percent LHZ. 
reference mix tu re  ratio (PMR) f o r  the S-IVB-509 acceptance f i r i n g  w a s  
5 . O : l . O .  
PU sensor cal ibrat ion de\rrations also a f f ec t  the BGR, the  actual  r a t i o  
w a s  4.99:l. 
7.5 sec and shif ted the ne=. value of valve posit ion by -1.0 deg. 
Calibration deviations a t  ESC were M.861 
Calibration deviations a t  ECC were 
The slope deviations between 
The desired 
The bridge gain r a t i o  ( B O  was also calibrated a t  5.0:l. Since 
The cal ibrat ion deviations decreased the cutback time by 
11 . 3.1 . 3 Tank/Sensor Mismatch -
The e f fec t  of the differences between the average of previous acceptance 
f i r i ng  flow integral  tank-to-sensor mismatch results f o r  the S-IVB-509 
prediction and the actual  flow integral  laismatch increased cutback by 
9.0 sec and raised the mean level of valve posit ion by 0.3 deg. 
11-4 and 11-5 show the  actual  flow integral  LOX and LH2 nonlinear i t ies  
with the sensor manufacturing nonl inear i t ies  included. 
Figures 
11.3.1.4 Tag Values and Engine Environment 
The e f fec t  of the difference between predicted and actual  engine tag 
valves and engine environment was t o  increase cutback time by 8.0 sec and 
to  raise the mean level of valve poslt ion by 1 degree. 
11.3.1.5 Valve Flow Torque 
The observed difference between predicted and actual  PU valve posit ion 
during 5.0 EMU open-loop operation was assumed t o  be flow torque 
displacement a d  was also assumed t o  be present during 5.0 EMR closed-loop 
operation. 
Mo deviation in cutback time was used since there is very l i t t l e  61- 
torque on the PU valve a t  the 5.5 EMR position. 
This mounts t o  approximately +l.O deg of valve displacement. 
11-6 
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Figure 21-5. U 2  Normaldaed Pt&e Linearity (Flow Integral Method) 
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12. DATA ACQUISITION SYSTEM 
The data acquis i t ion  system demonstrated competency i n  acquiring stage 
information, conditioning t h e  data signals, t r a n s l a t i n g  these sib.ials 
i n t o  proper telemetry formLLt, and t r a n s u i t t i n g  t h e  telemetry information 
t o  a ground s t a t ion .  
specif ied i n  Douglas Drawing No, 1B43574 Change G AEO H, J and K,  
Instrumentation Program and Camponents L i s t  (IP&CL) ; however, not a l l  
measurements specified i n  the IP&CL were i n  operation during t h i s  tes t .  
The system demonstrated t h a t  it das Pee  of r ad io  frequency in te r fe rence  
and was electromagnetically compatible with Qther  stage systems, 
The measurements which comprise t h i s  system are 
The perforname of t h e  data acquis i t ion system was s a t i s f a c t o r y  through- 
out the 02-H2 burner and mainstcge f i r i n g  phases of the  acceptance f i r i n g .  
The redcced data from a l l  channels were acceptable with t he  exception of 
the  discrepancies described i n  tables 12-1 and 3.2-2. 
The following is  a summary of t h e  telemetry data measurement system per- 
formance during acceptance f i r i n g :  
Total number of measurements assigned 279 
Total  number of measurements deleted 52 
Total  number of ac t ive  measurements 227 
Measurement f a i l u r e s  2 
Total acceptable measurements 225 
Measurement e f f ic iency  99.1 percent 
Measurement discrepancies 5 
22.1 Instrumentation Subsystem Performance 
The instrumentation system performed s a t i s f a c t o r i l y  during all phases of 
t h e  acceptance f i r i n g .  
msasurements exhibited data problems. Table 12-2 lists these meEtsurements 
and elaborates the i r  malfunction cha rac t e r i s t i c s .  Table l2-3 l ists  the  
measure2 ?nt s t ha t  were inac t  i v s  . 
Twu measurement failures were observed and five 
12-1 
Measurements M0031-411, Voltage Fir ing Unit 2 E.B.W. Range Safety;  
~0062-411, Miscellaneous Secure Range Safety Receiver 2 Low Level Signal 
Strength and K0142-411, Event-Range Safety 2 Pulse Sensor were qual i f ied  
as good even though Range Safety Number 2 f a i l e d  $0 operate during t h e  
acceptance f i r i n g ,  
decoder i n  t h e  R a g e  Safety 2 system, 
on FARR (Fai lure  and ReJection Report) Tag 500-816-242. 
Pos t t e s t  checkout r e v e a e d  t h e  problem to be a f a u l t y  
This u n i t  was replaced and documented 
The meamrements l i s t e d  below were suscept ible  t o  t h e  high RF f i e l d  exper- 
ienced on t h e  Complex Beta test  stands. 
a da ta  s h i f t  when comparing open and closed loop TM data.  
have been observed during previous f i r i n g s ;  t h i s  problem does not e x i s t  when 
t h e  s tage i s  i n  t h e  launch vehicle  configuration. No act ion i s  being con- 
templated t o  rem.-* t h e  s i t ua t ion .  
The RPI condition was exhibi ted as 
RFI responses 
M0060-411 Volt - PU Valve Control 
N O O l 8 - 4 1 1  Misc. - PCM/F'M Trmsmitter Output Power 
N0055-411 Misc. - Telemetry RF System Reflected Potrer, Channel 1 
RACS Lalibrations were evaluated f o r  proper levels cat T - 2207 seconds 
(1324:Ol hours PDT) of Phase D (Mainstage f i r i n g ) .  
within t h e  acceptable RACS leve ls .  
A l l  measurements were 
Comparison of t h e  T/M and GIS hardwire da t a  w a s  conducted during +,he 
Sacramento test i 'acil i ty evaluation. 
pared with s a t i s f a c t o r y  results. 
t a b l e  12-4. 
A t o t a l  of  37 measurements w a s  com- 
The ccmparison r e s u l t s  are shown i n  
12.2 Telemetmr Subsystem Performance 
The telemetry subsystem performance was good. 
synchronization, and good da ta  wE;--*e received from a l l  channels. 
wire (6OOHz) t o  T/M (open loop RF) comparison d id  not revea l  any vehicle  
da ta  discrepancies. 
There was no loss of system 
DDAS hard- 
12-2 
Response of t h e  telemetry subsystem t o  in- f l igh t  rml t ip lexer  c a l i b r n t b n s  
were evaluated during phase D at To + 216 seconds. 
and t h e  auxiliarv hydrauiic p u p  were operating a t  To + 116 seconds. 
cali.bration l eve l s  during t h e  evaluation period were within t h e  toj-erance 
of f 8 b i t  counts of a range of 24 t o  999 b i t s .  
The chilldown pumps 
A l l  
12.3 RF Subsystem Performance 
The RF subsystem performance was sa t i s f ac to ry .  Jur ing open-loop operation 
t h e  RF' power measurements were suscept ible  t o  the  RF f i e l d ;  therefore, 
proper assessment of the RF system could not be accomplished. 
case using t h e  closed-loop pcwer output and the  open-loop r e f l e c t e d  power, 
t h e  PCM/FM VSWR was 1.75:l. 
Far worwt 
The following table presents the PCM/FM t r ansmi t t e r  output nower and :,rSwH 
data f o r  open- and closed-loop oper&tion. 
RF - Subsystea Data -
System 
Open-Loop Closed-Loop 
- Value@ Value 
PcE?/FM Transmrtter Output Power 22.6 watts 20 . 8 watts 
(minimum accep5able is 15  W) 
VSWR (maximum acceptable i s  1.8:1) 1.72:l 1.46:1 
*RF measurements were suscept ible  t o  RFI 
12.4 Electromagnetic Cmpatik '  Ity 
The data acquis i t ion system did ne t  i n t e r f e r e  with other  stags systems ir 
t h e  areas of electromagnetic compatibil i ty,  However, five measurements did 
exhib i t  data shif 't  or noise  spikes. See tables 12-2, Telemetry Measurement 
Anmalies , and 12-6, Hardwire Measurement Discrepancies 131 a complete 
l i s t i n g  of EMC anomalies. 
12-3 
12.5 
Measurements DO177-408 (Press - m2 T&  age, a NO. 11, ~0178-408 
(Press - LH2 Tank U l l a g e ,  EIjs No. 2) ,  1)0179-b6 (Press - LOX Tank U l l a g e  
ED6 Bo. 11, ard DO18(r-406 (Press - LOX Tank U l l a g e ,  EDS No. 2) all per- 
formed sat is f act or i ly  . 
Rnergency Detect ion System Meas-aremeat s 
12.6 
The ground instrumentation sybtem (CIS) provides a backup and data campar- 
ison for zertain stage telemetry s y s t a  parameters in addition t o  rcecorbw 
measurements fram the ground support and f a c i l i t y  equipent.  
Hardwire Data Acquisition System Performance -
The C I S  also provides stripcharts for  redline and cutoff-parameter 
monitoring. The G I S  performance during acceptm-ce f i r ing  was satisfactory. 
The following table presents the type of recording equiper.t and the number 
of channels used. 
Ground Recorder 
~ ~ 
Beckman 210 Digital Data System 










Table 12-5 presents a l ist  of the various types of measurement data 
,ecorded and the perforname of the system. 
l2.6.1 H a r d t w i r e  Measur;ement Discrepancies 
There were six measurement failures, y i e l d i q  an overall hardwire measure- 
ment efficiency of 99.5 percent. 
during the acceptance f i r ing  are l i s t e d  i n  table 12-6. 
Measurement discrepancies that occurred 
I I r l 0 I 0 0 0 0 r l 0 1 0  
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Temp - LH2 Pump In.'?t 
Temp - LOX Pump In le t  
Temp - GH2 S ta r t  Bottle 
Temp - LOX Pump Discharge 
Temp - LH2 Pump Discharge 
Temp - Thrust Chamber Jacket 
Press - Thrust C??amber 
Press - LH2 Pump In le t  
Fress - LOX Pump In le t  
Press - LH2 Pump Discharge 
Press - LOX Pump Discharge 
Press - Control Helium Reg. 
Discharge 
Press - GH2 Sta r t  Bottle 
Press - FhgiQe Reg. Outlet 
Press - Engine Control H e  Sphere 
Press - LH2 Repress Spnere 
Press - LOX Repress Sphere 
Press - LH2 Tank Ullage EDS 1 
Press - LH2 Tank Ullage EDS 2 
Press - LOX Tank Ullage EDS 1 
Press - LOX Tank Ullage EDS 2 
Press - Ambient Helium Sphere 
Press - Common Bulkhead In te rna l  
Press - Cold Helium Sphere 
Flowrate - LOX 
Flowrate - LH2 
Posi t ion - Pitch Actuator 
Position - Yaw Actuator 










ps ia  
p s i a  
ps ia  
ps ia  
p s i a  
p s i a  
p s i a  
p s i a  
ps ia  
ps ia  
ps ia  
psia  
ps ia  
ps ia  
psia  
p s i s  
ps ia  
p s i a  
Qpm 
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DO236 
DO237 


























































































Voltage - Engine Control Bus 
Voltage - Engine Igni t ion  Bcs 
Voltage - A f t  Battery 1 
Voltage - A f t  Battery 2 
Voltage - F’wd Eat tery 1 
Voltage - F’wd Eat tery 2 
Speed - LOX Pump 
Speed - LH2 Pump 


















































































100 . 0 
1.00 . c 
190.0 
93.4 
100 . 0 
100 . 0 
80.0 
LOO . 0 
99.3 
>e .. .cent 
#A data discrepancy does not necessariLy mean t h e t  -10 data were gathered 



















13. ELECTRICAL POWER AND CONTROL SYSTEMS 
13.1 Electrical  Power System 
The e lec t r ica l  power system performed sa t i s fac tor i iy  throughout the 
acceptance fir ing.  
required, and the external/internal motor-driven switches functioned 
properly . 
It supplied power t o  other stage systems, as 
13.1.1 Battery S-hulators 
Model DSV-4B-134 Power Supplies w e r e  used t o  proride e lec t r ica l  power 
during the acceptame f i r ing  test. 
levels w e r e  measured at the Stage Battery Simulators, Model DSV-4B-727, 
and these levels remained within t h e i r  required limits. 
through 13-8 are plots shmring t h e  voltage and current levels at  the 
battery simulators during selected phases of t he  acceptance f i r i ng  test. 
The p o w e r  supply voltage and current 
Figures 13-1 
13.1.2 PU Stat ic  Inverter-Converter 
The s t a t i c  inverter-converter operated sa t i s fac tor i ly  during the  02-H2 
burner repressurization test and the  mainstage f i r ing  test. 
frequency levels uuring the acceptance f i r i ng  test are given below. 
Voltage and 
Measurements and Actual Actual 
Characteristics Acceptable L i m i t s  Min. Value Max. Value 
M0001-411 Voltage 115.0 23-45 VrmS n4 .2  Vrms 114.3 vrms 
M0004-411 Voltage 4.9 fl.2 Vdc 5.02 Vdc 5.02 Vdc 
M0023-411 Voltage 21.3 2;:; Vdc 21.86 Vdc 21.87 Vdc 
M0022-411 Frequency 400.0 t6.0 Hz 400.7 Hz 400.8 Hz 
13.1.3 Chilldown Inverters 
The inverters performed sat isfactor i ly  during the mainstage f i r ing  test 
and the 02-H2 burner repressurization test. 
frequencies are l i s t e d  on the  following page. 
The phase voltages and 
Measurements and 
Character is t ics  
M0027-404 Phase A-€3, 
LOX C/D Inverter  
M0040-404 Phase A-C, 
LOX C/D Inverter  
M0029-404 Frequency 
LOX C/D Inverter  
M0026-404 Phase A-B, 
LH2 C/D Inverter  
M0041-404 Phase A-C, 
LH2 C/D Inverter  
M0028-404 Frequencx 
LH2 C/D Inverter  
Acceptable L i m i t s  
Actual 
Min. Value 
56 24 Vac 
56 24 ~ a c  
400 +io Hz 
56 +4 - Vac 
56 +4 - Vac 















13.1.4 5-Volt Excitation Modules 
The foruard and aft 5-volt exc i tc t ion  modules performed as expected 
during the  acceptance f i r i n g  test. The actual perfcx-mance v a h e s  are 
shown below: 
Measurements and 
Character is t ics  Acceptable L i m i t s  
M0025-404 A f t  Volt-e 5.0 +0.03 - Vdc 
M0024-411 F0-d 1 5.0 +0.03 - Vdc 
Voltage 
MOO68-411 F0W-d 2 5.0 20.33 Vdc 
Voltage 
M0042-404 Frequency 2000 4200 Hz 
5-volt Excitation 
Module, A f t  
M0043-404 Frequency 2000 2200 Hz 
5 - ~ 0 l t  Excitation 
Module, Fwd 
A c t u a l  Actual 
Min. Value M a x .  Value 
5.01 Vdc 5.02 Vdc 
5.00 Vdc 5.00 Vdc 
5.00 Vdc 5.01 Vdc 
Frequency out of tolerance, 
see table 12-2 for problem 
aescription 
2026 2029 
13.2 E lec t r i ca l  Control System 
The operational i n t eg r i ty  of t he  electrical control  system was ver i f i ed  
through t h e  evaluation of t h e  sequence-of-events records from t h e  d i g i t a l  
events recorder (DEE31 and t h e  FCM flight-measurement events da t a  
( sec t ion  5) .  
sending a l l  cant ro l  commends t o  the  stage, and all. of t h e  conrmands were 
recei;cr! i n  t h e  stage. 
The switch se l ec to r  and sequencer cperated properly i n  
13-2 
13.2.1 5-2 Engice Control System 
All measurements ve r i f i ed  t h a t  t h e  engine cont ro l  system responded 
properly t o  t h e  engine start and cutoff  commands. The sequence of 
events ( sec t ion  5 )  l i s ts  t h e  engine f i r i n g  events and response times. 
13.2.2 Secure Range Safety Command System - 
"he secure range sa fe ty  command system w a s  t e s t e d  during t h e  engine- 
burn phase t o  verify t h e  capab i l i t y  of engine cu tof f  and propel lant  
dispersion. 4ange Safety System 1 operated as expected. Evaluation 
of t h e  da ta  ve r i f i ed  t h a t  t h e  a r m  and engine cutoff  (ECO) and propel- 
l a n t  dispersion (P/D) commands were received, and t h a t  t h e  E B W  f f r i n g  
u n i t  (F/U) discharged i n t o  i t s  pulse sensor. 
f a i l e d  t o  operate during t h e  test. 
t o  a fau l ty  decoder. 
wr i t ten  aga ins t  t h e  decoder (FARR tag #500-916-253). 
been removed for t e s t i n g  and has been replaced. 
Range Safety System 2 
The problem w a s  thought . to  be Cue 
A Fa i lu re  and Rejection R e p o r t  (FARR) tag was  
The decoder has 
The following measurements were used t o  evaluate system performance: 
Event - R/S 1 EBW Pulse Sensor Indicat ion 
Event - R/S 2 EBW Pulse Sensor Indicat ion 
Event - P/D EBW F/U 1 Power On 
Event - 3!D E B W  F/U 2 Power On 
Event - R/S 2 Arm and ECO Command Received 
Event - R/S 1 Arm and ECO Command Received 
Event - R/S 2 Receiver POET On 
Event - R/S System 2 O f f  Command Received 
Event - R/S 1 Receiver Power On 
Event -. R/S 1 O f f  Command Received 
Event - R / I  2 E B W  l'-m and Cutoff C0m-d On 
Event - R/S 1 D W  Arm and Cutoff Command On 
Vclts - R/S 1 EBW Fi r ing  Unit 









Misc - R/S 1 Low Level Signttl Strength 
Misc - R/S 2 Low Level Signal Strength 
Event - R/S Propellant Dispersion Command 
Event - R/S EBW F/U Arm and ECO Command 
Event - R/S System Off Command 
Event - R/S 1 Propellant Dispersion Command Received 
Event - R/S 2 Propellant Dispersion Command Received 
13.2.3 Control Pressure Switches 
A review of the event and presswe measurements associated wizh the 
following pressure switches verified that each switch +'unctioned 
properly during the acceptance firing test. 
the measurements used for each respective pressure switch verification. 




LOX Tank Ground Fill Valve Control, Prepress, Flight Control, 








Event - LOX Prepress and Flight Control 
Event - LOX Prepress and Flight Control 
Event - LOX Prepress Flight Switch - 
Pressure - LOX Tank Ullage EDS 1 
Pressure - LOX Tank Ullage I D S  2 
Event - CoJd He SOV Energized - Indicatior 
Event - TAX T r n k  Repress Valve - Energized 
Switch - Energized 
Switch - Ehergized 
De-energized 
LOX Tank Repress Regulator Backup Fressure Switch 
"KO444-403 
D0228-403 
Event - LOX Tank Repress Valve - Energized 
Pressure - mx/m~ Burner LOX mess Coil 
LH2 Tank Repress Regulator Backup Pressure Switch 
"KO443-403 Event - LH2 Tank Repress Valve - Energized 
DO231-403 Pressure - !NX/CH2 Burner Press Coil 
"Hardwlre Measurement 
d. Control (Ambient) Helium Regulator Backup Pressure Switch 
DOO14-403 Pressure - Control Helium Regulator, Discharge 
e. LH2 Ground Fill Valve Control, Pre>ress, Flight Control, and 
Step-Pressure Switch 
KO184-404 Event - L'd2 ;.light Control Pressure Switch - 
Event - LH Tank Prepressurizction Pressure 
Event - LH2 Repress Control Switch - 
Event - LH2 Tank Repress Pressure Switch - On 
Event - LH2 Tank Flight Pressure Valve - 
Event - LH2 Tank Step-Plressure Valve - 
Pressure - LH2 Tank Ullage EDS 1 
Pressure - LH2 Tank Ullage EDS 2 
Ehergized 


















Event - LH2 Repress Control Switch - 
Event - LH2 Tank Repress Pressure Switch - On 
Event - LH2 Tank Repress Valve - Energized 
Pressure - LH2 Tank Ullage EDS 1 
Pressure - LH2 Tank Ullage EDS 2 
De-energized 
g.  Engine hrmp P rge Control Moc, .le Pressure Switch 
KOlO5-40 
"KO 4 56-404 
*KO566-404 
DO059-bO3 
Event - Pumn Purge Regulator Backup - 
Event - Seal hrmp Purge Control Regulator 
.Event - Engine Pump Purge Control M0dId.e 
Pressure - Engine ptrmp Purge Regul.ator Pressure 
Deer.ergi zed 
Backup Pressure Switch - Deenergized 
Solenoid Valve - Energized 
*Hardwire Measurement 




Event - LOX Tank Regulator Backup Pressure 
Ehent - LOX Tank Cold H e  SOV Energized - 
Pressure - LOX Tank Pressurizat ion Module 
Switch - Energized 
Indicat ion 
H e  Gas 
13.2.4 Control Valves 
a. + and LOX Vent Valves 
The following measurements v e r i f i e d  t h e  s a t i s f a c t o r y  operation 
of t h e  LOX and LH2 Tank Vent Valves, t h e  LH2 Tank Directional- 
Valve, t h e  LOX Tar-& NPV Valve, and t h e  LH2 Tank Latch and 
Relief Valve: 
K0001-410 ; "KO532-410 
K0017-410 ; "K0542-410 
K0002-424 ; "KO533-424 
KOOl6-404; "KO543-404 
K0113-411 
K C 1 1 4 - 4 1 1  
K0198-424 ; 'KO465-424 
K0199-424 ; gKO466-424 
K0210-410; "K2431-410 
K0211-410 ; 'K24'9-410 
b. Chilldown Shutoff Valves 
Event - Fuel Tank Vent Valve 1 - 
Event - Fuel Tank Vent Valve i - 
Event - Oxid. Tank Vent Valve 1 - 
Closed 
Event - O.uid. Tank Vent Valve 1 - 
r .-5n 
Event - LH2 Tank Direct ional  Vent 
Valve C - Closed 
Event - LH2 Tank Direct ional  Vent 
Valve D - Closed 
Event - LOX Tank NPV Valve Open 
Event - LOX Tank NFV Valve Closed 
Event - LH2 Tank Latch and Relief 





The LOX and LH2 chilldown shutoff valves responded properly t o  
commands, as v e r i f i e d  by t h e  following measurements: 
K0136-409; sK0551-409 
K0137-403; W0544-409 
Event - L H 2  Chilldown Shutoff 
Vave - Closed 
b e n t  - L H 2  Chilldown Shutoff 





Event - LOX Chilldown Shutoff 
Valve - Closed 
Event - LOX Chilldown Shutoff 
Valve - Open Talkback 
c. F i l l  and Drain Valves (Fuel and LOX) 
A review of t h e  following events showed t h a t  t h e  LOX and LH2 
f i l l  and dra in  valves operated according t o  t h e  GSE commands 
issued. 
K0003-427; *KO5: ,-4.+ Event - LH2 Tank F i l l  and Drain 
Valve - Ciosed 
Event - LH2 Tank F i l l  and Drain 
Valve - Open Talkback 
K0303-427; *K0553-404 Event - LOX Tank F i l l  and Drain 
Valve - Closed 
Event - LOX Tank F i l l  and Drain 
Valve - Open TalKback 
d. LOX and LH2 Prevalves 
The proper operation of t h e  LOX and LH2 prevalves w a s  ve r i f i ed  





hbent - LOX Prevalve - Open 
Event - LOX Prevalve - Closed 
Event - LH2 Prevalve - Opes 
Event - LH2 Prevalve - Closed 
13.2.5 Depletion Sensors 
A review of t h e  following measurements showed t h a t  t h e  LOX and LH2 
depletion sensors performed s a t i s f a c t o r i l y ,  and no anomLlies were 
observed during t h e  test.: 
Event - LOX Depletion Sensor No. 1 - Wet 
Event - LOX Depletion Sensor No. 2 - Wet 
Event - LOX Depletion Sensor No. 3 - Wet 
Event - LOX Depletion Sensor No. 4 .. Wet 
Event - LH2 Depletion Sensor No. 1 - Wet 
Event - LH2 Deple t im Sensei- No. 2 - Wet 
Event - LH2 Depletion Sensor No. 3 - Wet 
Event - LH2 Depletion Sensor No. 4 - Wet 
*Hardwire Measurement 
13.3 Auxiliary Propulsion System (APS) E l e c t r i c a l  Control System 
The PPS simulators,  Model DSV-kB-l88B, are used during t h e  acceptance 
f i r i n g  t o  ver i fy  the  APS-stage in t e r f ace  cont ro l  functions. 
ing measurements t h a t  were evaluated an6 the  results a r z  l i s t ed  below: 
The remain- 
.Min Value Max Value 
(Vdc) ( Vdc ) 
K0132-404 Event - APS Eng. 1-1/1-3 Feed l a l v e s  3.70 3.75 
Open 
Open 
K0134-404 Event - APS Eng. 2-1/2-3 Feed Valves 3.70 3.80 
KO133-404 Event - APS Eng. 1-2 Feed Valves Open 3.‘r 5 3.85 
KO135-404 Event - APS Eng. 2-2 Feed Valves Open 3.80 3.80 
A minimum value of 3.2 Vdc i n d i c a t x  t h a t  t h e  feed vhves  are operating 
according t o  commands. 
13.4 U l l a g e  Rocket Exploding Bridgewire (EBB) System 
Since l i v e  ordnance is  not in , ta l led,  EBW pulse sensoys are used during 
the acceptance f i r i n g  t o  v e r i f y  the  operat ional  i n t e g r i t y  of the  stage 
e l e c t r i c a l  cor-trol sys tea  i n  providing the  commands necessary t o  charge, 
f ire,  and j e t t i s i o n  t n e  u l lage  rockets.  
f’uruished the  data used t o  verify t h i s  i n t eg r i ty :  
The measurements given below 
Event. - fi l l~u~e Rocket J e t t i s ~ n  EBW P/S 1 indicat ion 
Event - Ullage Rocket J e t t t s a n  EbW P/S 2 Indi-at ion 
&on% - Ullap? i’xket Igni t ion  EBW P/S 1 Indicat ion 
Event - U l l a g e  Rclcket 1gnitic;n EBW PIS 2 Indicat ion 
Evext - U l l a g e  Rrcket P i l o t  Relap Reset 
Volts - Ullage Rockec I f l i t ion ,  EBW F/U 1 
V G l t s  - Ullage Rocket I g n i t i o r ,  E B W  F/U 2 
Volts - U l l a g e  Rocmret J e t t i s o n ,  E B W  F/U 1 
Volts - Ullage Rccket Jet*ison, E B W  F/L‘ 2 
13.5 02-H~ Burner 
The opera+ion of the 02-H? burner, with respect to the operational 
integrity of the electrical control system, was normal, and n3 problems 
were encountered. 
burner-control commands were oent and received, and that instrumentation 
response and talkback signals occurred ES predicted. 
current profiles of the battery shulators during the burner firings are 
p2esented in figures 13-5, 13-6, 13-7, and 13-8. 
The sequerlce of events (section 5) verifies that 
The voltage and 
13-9 
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P M T S O  087 
1 .  Ertternal/Intemal Power Transfer 5 APS Firing8 
2 Internal/&temal Power Transfer 6 LOX Press Cyclings 
3 Engine pump Purge "on" ir .Second B U ~  %ff" 
4 Engine Start 8 Engine Cutoff 
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1 Extemal/hternal Power Transfer 6 Aauc Pump "Off" 
3 Aurr and C/D &Imps Operating 8 Engine Cutoff 
4 Chilldown Pumps "Off" 9 AUX Pump "Off"  
5 Gimbal Program 
2 fnterael/Esttemal Power Transder 7 Aux Busng "on" 
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3 Ground I n s c m n t a t i o n  System Calibration 
4 Prelaunch Checkout Group Energized 
5 PU Mhture Ratio 4.S:J Ccmiuand 
6 Prelaunch Checkout Group Energized 
13-19 
?EST ID 614120 200290 vso9 REERfSCG TlYR I1  34 54.000 
1 External/Internal Power Transfer 7 Second B r n  Rly On 
2 Internal/kternal Power Transfer 8 Bnr Shutdown 
3 Bnr Las Temp Sim Cycle 9 Ullage Engine Off 
4 LOX NBV Vlv open 1C LH2 Step Prees Vlv Beenergized 
5 Bnr Start 51 LHZ Cont Vent Vlver Open 
6 LOX Repress Sys Actuated 52 Ambient Repress Sequence 
~igatre 13-7, lhft Bus No, 1 Profile -- Burner Firing 
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14. HYDRAULIC SYSTEM 
1 4 . 1  Hydraulic System Operation 
The hydraul ic  system test program was conducted during countdown number 
614120, during which t h e  engine was successfu l ly  posi t ioned and gimbaled. 
System running t i m e  f o r  t h i s  test, from a u x i l i a r y  pump ON p r i o r  t o  simu- 
l a t e d  l i f t o f f  t o  a u x i l i a r y  pump OFF following c u t o f f ,  w a s  1,465 sec. 
gimbal program was i n i t i a t e d  a f t e r  t h e  engine start s i d e  loads subsided 
and t h e  support  l i n k s  dropped. The a u x i l i a r y  pump was turned o f f  f o r  
50 see following the  gimbaling program t o  v e r i f y  s a t i s f a c t o r y  engine- 
dr iven  pump operation. 
The 
S ign i f i can t  event times are presented i n  the  following table:  
Event Amroximate Time (set) 
Auxil iary Pump ON 
(Simulated L i f t o f f )  
Engine I g n i t i o n  (engine-driven 
pump start) 
Support Links Dropped 
Gimbal Program S t a r t  
Gimbal Program Stop 
Auxiliary Pump OFF 
Auxil iary Bump ON 
Engine Cutoff 
Auxil iary Pump OFF 











The GN2 accumulator precharge pressure  w a s  2,268 p s i a  a t  56 deg F just  
p r i o r  t o  s t a r t i n g  t h e  a u x i l i a r y  hydraul ic  pump (T -477 sec). 
t he  gas  pressure t o  70 deg P temperature, t h e  pressure  va lue  was wi th in  
t h e  2,: 0 t50  pa ia  allowable l imi t e .  
Correcting 
Test da ta  indicate.: t h a t  t h e  a u x i l i a r y  pump discharge pressure  increased 
t o  3,635 p s i a  i n  17.5 sec a f t e r  energizing t h e  pump motor. 
t e m  pressure was maintained up t o  engine start .  
3,640 p s i a  both before  and a f t e r  engine i g n i t i o n ,  i nd ica t ing  no change i n  
engine pump operat ion . 
Steady sys- 
System pressure  w a s  
During t h e  b r i e f  period of a u x i l i a r y  pump cu to f f  (50 sec), t h e  eng iw-  
dr iven pump pressure  was 3,620 ps ia .  
dr iven pump was operat ing properly and wi th in  t h e  required l i m i t s  (3,500 
t o  3,665 ps ia ) .  
This test ind ica ted  t h a t  t h e  engine- 
The system leakage flow (0.76 gpm) w a s  obviously suppl ied by t h e  a u x i l i a r y  
pump during the  burn p r i o r  t o  t h e  gimbal program. 
t h e  f a c t  t h a t  t h e  a u x i l i a r y  pump compensator s e t t i n g  w a s  20 p s i  higher  
than t h e  main pump s e t t i n g  and by the a u x i l i a r y  pump cu r ren t  draw of 
48 amp during t h i s  time period. 
a t  t h e  conclusion of t h e  test, system bleed-down t h e  w a s  40 sec. 
This is evidenced by 
Af te r  t h e  a u x i l i a r y  pump w a s  turned 3f f  
Hydraulic system and r e s e r v o i r  pressures  are shown i n  f i g u r e  14-1. 
following is  a t abu la t ion  of t h e  pressures  during s i g n i f t c a n t  per iods  of 
i n  teres t : 
The 
Time (sec) 
System Pressure Reservoir Pressure 
(ps ia )  (D549) (ps ia )  (D550) 
To -458 (am pump ON) 3,635 
To +O (Simulated L i f t o f f )  3,640 
170 
170 
173  To +512 to 519 3,670 max (Engine S t a r t  Trans) 3,580 min 
To +581 t o  636 
(Gimbal) 
To +980 ( p r i o r  t o  
aux pump OFF) 





14.3 Reservoir Level a t  S a l i e n t  Times 
Reservoir level p r i e r  t o  system opera t ion  was 89 percent a t  an o i l  
temperature of 43 deg F. 
33 percent,  which occurred 175 see a f t e r  auxiliary pump start. 
level history is shown i n  f i g u r e  14-2. 
The minimum level during opera t ion  wae 
Reeervoir 
14-2 
14.4 Hydraulic Fluid Temperature History 
Pump i n l e t  (C3699) and reservoi r  o i l  (C005l) temperatures a re  shown i n  
f igure  14-3. 
14.5 Engine Side Loads 
Peak loads i n  the  support l i n k s  during engine s tar t  t r ans i en t s  were 
as  follows: 
I t e m  Load ( l b f )  
7
Pitch Link +17,000 - 15,000 
Yaw Link +17,000 - 21,000 
14.6 Hydraulic Fluid Flowrates 
Approximations from reservoi r  f i l l .  and emptying rates are presented i n  
the following table: 
I t e m  - A l  lvwab l e  Flow (gp m) .o 
System In te rna l  Leakage 0.76 . 0.4 t o  0.8 
Auxiliary Pump Max Flowrate 1.84 1.50 min 
14.7 
The a f t  ba t t e ry  So. 2 current  load during the test is shown i n  f igu re  
lk-2. 
Auxiliary Pump Motor Voltage and Current 
The following t ab le  shows the values observed during s ign i f i can t  
time periods: 
Aft Bus No. 2 
Voltage Supply (111540) 
Time (see) (51-61 vdc allowable) 
To +O 55 
To +530 ( a f t e r  i gn i t i on  55.4 
C/D pumps OFF) 
To +581 t o  6 3 7  
T~ +TO7 (Turn aux pump on 
To +950 (pr ior  t o  engine C/O) 
JhM&mnn aliowable inrush cur ren t  is 300 amp. 
56.5 max 
(Gimbal) 55 min 
af ter  b r i e f  &utdown) 46 min 
54.6 -
A f t  Battery No. 2 
Current Load (M022) 
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fi. FLIGHT CONTROL SYSTElM 
The d y m d c  response of the hydraulic WWO thrust  vector control system 
was measured while the J-2 engine wa8 gimbaling during the  acceptance 
f i r ing.  !Che performance of the p i tch  and yaw hydraulic servo control 
syotem wag acceptable. 
l5.1 Actuator Dynami CS 
A nmuind. 2=d@g s t ep  cosIvBaad was- amlM to- the patch anrI yaw actuators 
from which the  engine slew rates were dete~~xdad. 
engine slew rate is 8 deg/sec, which comesponds t o  an actuator piston 
travel rate of 1.66 ips. A mmtinal slew rate fo r  a 24- s tep  d t k m t  
the effects of girabal f r i c t i o n  is 13.6 deg/sec. 
were acceptable and are listed h the following table: 







0.0 t o  +zoo 
4-200 f 0  0.0 
0.0 to  -2.0 





The minimum e n g i n e  slew rate obtained is 11.0 deg/sec which corresponds 
to an actuator piston travel of 2.28 ips .  
exceeded the minimum acceptable piston travel rate of 1.66 ips .  
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16, S T R U C T W  SYSTLHS 
Structural in tegr i ty  of the S-XVR-509 Stage w a s  naintained for the 
vibration, temperuturc 
Acceptance Firing Test, 
of Korothem ablative coating at a local wen on the For=rwd S k f r t ,  
no structural irregularities were encsimtered as a result of cryogenic 
loading, stat ic  firing, and 02 - H2 Burner f ir ing,  
coating is  t o  be repaired under the direcAion of the 1.IlQX kpartmeilt. 
The Korothem damage does not occur under CDDT or launch conditions at 
FTC due t o  the more effective tnexmal eocdftioning of %he Forward Skirt 
at the  launch facility, 
pressure, and t h r u s t  load conditions of the 
With the exception of dehondiny w-2 cracking 
The damaged Korotherm 
16,1 Comon Bulkhead 
I
The results of the gas 3mpJ.e surveys, conibined wrth satisfactory Common 
Bulkhead decay checks, indicate the bulkhead is  sound a d  Xu& t i g h t ,  
Dcring the ectu& acceptance firing, the bulkhead i n t e rna l  pressure 
readings were less than 1 psia,  
indicated negligible quantities of hydrogen and helium gases within the 
Common Bulkhead, The pressure decay history and gas sample analyses 
recorded during. prefire pumpdown, static firing, and past-firing 
activkties  are presented i n  Report dAC-61243, "S-IV8-509 Stage Acceptance 
Firing 15 Day Report Sacramento Test Centero" dated June, 1969, 
Gas sample analyses cons is tent ly  
# 
16.2 Exterior S t m c m  
A past-firing visual insFectioa of the S-IvJB-SO3 Stage exterhl: a d  
accessible in ter ior  revs&sd no debonding of 3u5psrte or brackets. 
The only evident structumJ. degradation w a s  debondine a d  zracking of 
Korotbern ablative coating wound r;hc Farwtwd S k i r t  auciliary tunnel 
area. 
a d  approximately 5 inches forward OF the Forward SkkG tank Joint. 
No cracking or pe@ling was noted in the main trhnel &WX30 
The affected area extended f r o m  Stringer 13  throwh Stringer 18 
16.3 Low Pressure Ducts 
A post-test inspection revealed frost on the ent ire  Length of the  LH2 
Feed Line lower low pressure duct, indicating a loss of V ~ C U ~ ,  
A gas sanple shoved 97 percent GH2 w.d 3 percent He gas. An investi- 
gation showed that  the lower LH2 Feed Li3e outlet bellovs had cracked 
in the second convolute aillowing the  GI12 and He to seep i n t o  the vacuum 
cavity, 
the bellows experienced 8 critical f,?on resonance condition at; the 
lover propellant mixture ratios which caused a fatigue failure in 
the bellows. 
will fabricate and insta l l  flow l i n e r s  in the  low pressure ducts to 
eliminate m y  flow resonance i n  the  bellows, 
is  SObN and sttbsequent stages. 
A failure analysis aJld subsequent test program showed that  
Corrective action has been i n i t i a t e d  by ECP 3219 which 
Ef fec t iv i ty  of %he change 
17. THERMOCONDITIONING AND PURGE SYSTEMS 
17.1 Aft Skirt Thennoconditioning and Purge System 
The aft skirt environmental purge system thermally conditioned the aft 
skirt area with air and GN2. The air purge was initiated prior to LOX 
loading, and was ewitched to GN2 prior to LH2 loading. Following LH2 
loading, the air purge was reinitiated for test stand inspection, and 
then was switched back to GN2 for the rest of static firing. The 
purge flowrate was maintained essentially constant at the nominal 3,600 
scfm, and the aft skirt environmental temperature (C0663) was approxi- 
mately constant at 551 deg R. 
17.2 Forward Skirt Environmental Control and 'Phermoconditioning System 
17.2.1 Forward Skirc Purge 
The forward environmental purge system supplied the forward skirt with 
thermally conditioned GN2. 
initiated prior to LOX loading and continued throughout the test until 
the completion of the tank purges. 
The forward skirt GN2 supply temperature (C0768) was maintained between 
502 and 524 deg R. 
The GN2 purge of the forward skirt was 
A flowrate of 283 scfm was maintained. 
17.2.2 Forward Skirt Thermoconditioning System 
The forward skirt thermoconditioning system was supplied with coolant 
throughout the acceptance firing by the Model DSV-4B-359 Servicer. 
coolant supply temperature (C0753) was maintained between 520 and 
527 deg R. 
The 
17-1 
18. EFFECTIVENESS ENGINEERING 
All functional failures of Flight Critical Items (FCI) and Ground Support 
Equipment/Special Attention Items were investigated by Effectiveness 
Engineering. 
table 18-1. 
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Br i t i sh  thermal u n i t  
Bridge gain r a t i o  
Thxus t Coeeficient 
Countdown Demonstration 
Tee t 
Cubic f e e t  per minute 
Control 
Cycles per gallon 
Cycles per  second 
Decibel 
Direct current 
Dig i t a l  Data Acquioi- 
t i on  System 
Degree 
Digital. Events Recorder 
Discharge 
Datd not avai lable  
Dropout 
D i f f e ren t i a l  Pressure 
Feedback 
Exploding b ridgewire 






































Elect romagne t l c  
In t e r f  e:ence 
Engine 4 ix ture  Ratio 
Engine S t a r t  Coawand 
Fahrenheit 
Thrust 








Ground Ins t rument at  ion 
Sytrtea 
Caseous ni t rogen 











Inches per  second 
fmtrumentat ion BroBram 
ne-. t e  
a d  CampQncmtr L i s t  









TABLE AP 1-1 (Sheet 3 of 3) 
AB1 REVT AT XONS 
Vehicle Checkout 
Laboratory 
Volts direct current 
Vibration 
Voltage standing wawe 
ratio 
T o t d  mass flawrate 
I tern -
